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PREFACE 



The science of road construction will never become 
obsolète. Roads not only précède railways, but are 
required to supplément them ; for, with the introduction 
of railroads the demand for local roads increases. Rail- 
ways therefore tend, not to supplant, but to develop 
roads. This is particularly the case in mountainous coun- 
tries in which arterial railway Unes can only be afforded. 
Such lines require to be fed by ordinary roads, and by 

Mountain Roads. 

AU countries inhabited by civilized people hâve moun- 
tain, or at least hill roads of varied character, designed, 
not always successfuUy, to suit the trafïic. Communica- 
tions extend with the increase of population and pros- 
perity, and one of the principal duties of engineers who 
sélect, or are called upon, to practise their profession in 
various parts of the world, is to make roads. 

Mountain roads hâve not been made according to any 
fixed, or generally accepted, principles. The principles 
of construction hâve been of a varied character, and hâve 
been left very much to the individual fancy of the 
engineers employed. The survey, design, and exécution 
of roads hâve frequently devolved upon young engineers 
who hâve had no practical expérience. They hâve had 
to décide for themselves the principles on which their 
roads should be'^traced, and built. 

The subject of the construction of roads has been 
treated in many civil engineering works ; but in those 
treatises of modem date, which hâve entered most fully 
into this branch of engineering science, insufficient space 



X PREFACE. 

has been allotted for a comprehensive view of the gênerai 
principles, and détails, which should be observed în 
tracing, and building, mountain roads. 

In mountain road construction advocates of différent 
principles are to be found in the profession. There is a 
divergence of opinion, chiefly between theoretical and 
practical engineers, on the true principles which should 
be followed. The young engineer; who finds on Con- 
sulting his authorities that he can apparently proceed in 
différent directions to attain the same end, which is in 
this instance to produce a mountain road the most con- 
venîent and safe for trafïîc as well as economical for 
maintenance, is perplexed to know which sign-post he 
should foUow : for, his scientific éducation will prompt him 
to doubt that two routes can possibly lead to the same 
point with the same directness. 

The object of the author is to offer to students, and 
young members of the civil and military engineering pro- 
fessions, a practical treatise on the principles which should 
be adopted in the location, survey, construction, and 
maintenance of mountain roads. Thèse principles are 
described and illustrated in sufïîcient détail to embrace 
every important point which is likely to arise for settle- 
ment by the engineer. 

That a treatise of this nature is required, the designs 
and condition of many modem mountain roads are suffî- 
cient proof ; for, not only are numerous faults to be 
found in such roads by those who from their expérience 
in this branch of engineering are capable of forming an 
opinion, but the unscientific public are for ever complain- 
ing of the difïîculties and dangers they hâve had to 
encounter when traversing them. 

The fact that road making has never been brought, 
like railway construction, to a practical science of an 
almost exact character, fully accounts for the faulty 
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nature and condition of mountain roads. The want of 
scientific accuracy in the construction of roads has 
arisen from various causes, the chief of which is, the 
elastic character of road traffic. Very steep grades and 
rough roads will stop draught-cattle, and break springs 
and axles ; but it is astonishing what bad roads can, with 
care and persévérance, be traversed by wheels. So much 
for grades and surfaces. As respects curves, quick 
traffic is able, if a road be not cramped in width, to tum 
a right-angle at considérable speed. The road engineer, 
therefore, has a great scope before him between a road 
which is practicable, and a road which is perfect. 

In the treatment of the subject of LiVE-LOADS ; in 
the comparisons made between différent live-loads ; and 
in the examples given illustrating the effects produced by 
différent live-loads on trussed-girders, which are so well 
suited for road works in a forest country, the author 
believes he offers information which will prove acceptable 
to engineers employed in countries where timber is 
plentiful. By the use of the Tables given in the Appendix, 
invented by Mr. Govind Bhickajee Fatak, of the Public 
Works Department, Bombay, the réduction of the calcula- 
tions of the examples, and other similar cases, may be 
simplified. 

It is too much the habit of the présent day to regard 
Masonry Bridges as bulky, costly, troublesome, slow 
growing structures, and behind the times, Iron in various 
forms is preferred as the material to be employed in 
carrying a road-way over rivers, and minor streams. In 
the author's opinion, an iron bridge should never be 
erected where a masonry bridge, from the nature of the 
bridge site, the size of the stream, and the proximity of 
material, is suitable. In such a case an iron bridge is 
not the cheapest ; if the iron work has to be imported it 
is not the soonest built ; it is certainly not the most 
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permanent. A well built solid masonry bridge is a 
monument which will outlive many renewals of its slender 
and consumptive neighbour. There is a fashion in 
engineering as in other matters, and a vast number of 
iron bridges hâve been built the last twenty years which 
hâve cost more, and taken a longer time to complète than 
would hâve been the case had the old fashioned — on new 
Unes — masonry structures been adopted in their place. 
The author holding such views has entered into considér- 
able détail with regard to the design, construction, and 
restoration, of masonry bridges, dwelling principally on 
those points on which he has found bridge builders, in 
practice, to be déficient. 

This treatîse is not a compilation from the works of 
other writers. The opinions expressed, and the designs 
given, are the results of the personal expérience of the 
author. 



CHAPTER L 



ROAD RECONNOITRING. 

To constnict a road on scientific principles across 
any country, it is necessary the engineer should be fully 
acquainted with the principles of road- sur veying, and be 
familiar with the various scientific instruments which hâve 
been invented for ranging straight lines, for measuring 
angles, for taking levels, and for setting off inclinations. 
He must possess a thorough knowledge of ail the prob- 
lems of plane trigonometry, and be able to Une out curves 
with précision over every description of grouhd. It is 
assumed in this treatise that engineers, and engineering 
students, hâve acquired from some of the numerous 
published works on the subject, or hâve been taught, the 
amount of knowledge of their profession above described. 

Scientific principles in road construction mean, that 
the engineer, by his acquaintance with those principles, 
and by their adoption, is able so to master the natural 
slopes, and undulations, of a country as to possess the 
power of making his road over it of any given inclination, 
with its turns mathematical curves of any given radii. 

However flat the surface of the earth may appear to 
be in particular localities, it is never really level. This 
is a fact of conséquence in road-making, because it is 
difficult to keep portions of a road which may happen to 
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be level in good order. A road to be good must be well 
drained, and this object cannot be attained on the level. 
For purposes of drainage alone,on apparently level ground, 
a surveying level is therefore required. A théodolite is 
also needed for ranging long lines of road, and fbr setting 
out curves of long radii. In a flat country, therefore, it 
is évident an engineer, in order to give his road minimum 
gradients for drainage purposes, easy curves, and the 
most direct line, must possess the acquirements which 
hâve been mentioned. 

If this be so for a flat country, when the ground to be 
traversed is undulating the skill and knowledge of , the 
engineer is still further called into réquisition. His in- 
structions will probably be confined to a ruling, or limiting, 
gradient, and a certain width of road. In conducting his 
survey, and in tracing out his line of road, the engineer 
will, in the first place, range the centre line of his road 
in a vertical plane. He will peg out his line, making in 
many places the tops of his pegs coincident with his 
gradient after one or more trials to correct his calculations, 
and the lengths of hîs curves. Where long banks, or 
cuttings, will occur, if the line is marked over them, such 
marks will not, of course, represent surface points on the 
future road, but only the direction of the vertical plane 
passing through the centre of the road. In such a country 
as is now referred to, the engineer is able to shift his line 
to one side or the other if he desires to ease, or steepen, 
his gradients, or to reduce his banks, or cuttings. As 
his ground undulates, and he has both ascending, and 
descending, gradients, he is perfectly able to make dévia- 
tions from his original line. Such déviations are adopted 
to lengthen the line, which is équivalent to easing the 
gradient, to shorten the line where the fall admits of an 
increased gradient, or to reduce work in view to economy 
of construction. 
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The method of conducting a survey for a road, so far 
as ranging the line is concerned, has now been given as 
respects two descriptions of country, namely, a flat 
country, and an undulating or moderately hilly country. 
There remains for description a third class of the earth's 
surface over which it is required to construct roads of 
communication for the use of vehicles drawn by horses, 
and other cattle, This may appropriately be termed a 
mountainous country. A mountain road may partake of 
three characteristics, It may consist in the ascent of a 
single mountain, or mountain range, which may be steep 
and precipitous on one side with the reverse slope easy, 
falling into the moderately undulating, or second class 
of country ; of this class the Western Ghats of India are 
an example : or the mountain range may be steep and 
precipitous on both sides as at some of the Alpine 
passes : or, again, the projected road may hâve to 
cross lofty mountain ranges with valleys more or less 
deep between them, which either cannot be turned, or it 
Is not desired tp do so. In such a country as this last, 
the population résides chiefly in the valleys, and a road 
to serve a country should, of course, be in communication 
with the towns and larger villages. 

The opérations of the engineer in surveying and trac- 
ing out a road over a mountainous country partake of the 
same character under whichever of the three subsidiary 
divisions above described the country may be classified. 
After Consulting the best map procurable to ascertain 
the positions of the mountain spurs, and intervening 
valleys, or the direction of the mountain chains to be 
crossed, together with the situations of the places of 
importance which hâve to be brought into connection 
with the new road, the country should be reconnoitred 
with a view to détermine, in the first place, the gorges in 
the summits of the mountains through which the road 
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should be carried. The native tracks in the country will 
generally be found to pass through the gorges, or dépres- 
sions, in the mountain tops most favourably situated as 
regards direction, and élévation, though this is not 
âlways the case. The lowest gorge should be selected 
which by its adoption will save the road from having to 
be carried higher, and consequently being made longer, 
than necessary. No attempt should be made to fix the 
exact position of the road at the foot of a mountain, 
or at the bottom of an intervening valley, although 
from the probable run of the road on the mountain side 
the position of the road at its foot may be located in a 
gênerai way. 

If an engineer is to make his mountain road at a fixed 
ruling-gradient, or at gradients generally approaching a 
ruling-gradient, he cannot take up more than one posi- 
tion on the mountain as a fixed point, and a fixed point 
he must hâve before he commences his survey. That 
fixed point must be, as already stated, on the summit of 
the mountain range. The reason for this is, that the 
lower slopes of mountains are flatter than those at their 
summits ; they cover a larger area, and merge into the 
valleys in diverse undulations ; so that a road at the foot 
of a mountain may be carried at the will of the engineer 
. in the direction he may désire by more than one route. 
He has the choice of différent positions, and levels, any 
of which may be convenient for the road to follow. 

At the top of a mountain range any déviation from the 
lowest gorge involves increased length to the Une. The 
engineer having less command of the ground, owing to 
the reduced area he has to deal with, and the greater 
abruptness of the slopes, is liable to be frustrated in his 
attempt to get his line carried in the direction he wishes 
it should follow. 

Having determined through which gorge, in other 
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words, over which dépression, on the summit-ridge of a 
mountain range the road should be taken, the engineer 
is prepared to commence his survey opérations. His 
instructions will, as previously mentioned, comprise the 
ruling-gradient he is not to exceed, and the width of the 
road. They should, but seldom do in the case of car-, 
riage roads, include the minimum curves to be allowed. 

To an engineer who has had practical expérience of 
mountain road surveying, and construction, it would be 
safe to give as the ruling-gradient of the survey, and 
road-trace, the ruling-gradient fixed upon for the finished 
road ; but such an instruction to a young engineer engag- 
ed in the work practically for the first time, and left to 
his own resources, would hâve a différent resuit. He 
would be sure to run his limiting^gradient so fine in 
many places in making his trace as would eventuate in 
steeper inclines in his finished work. There is abundant 
proof of this fact to be found on many mountain roads. 
Now it must be borne in mind, that in a continuous 
mountain ascent, or descent, there is very little scope for 
any liberties being played with the gradient in the survey 
and trace. With an undulating line déviations to ease 
off objectionable inclinations are possible : with a steady 
ascent or descent, such déviations are seldom practi- 
cable. To ease off a gradient extra length of road is 
needed. It is not possible to obtain this extra length on 
a mountain-side where to go up or down is only to ease one 
portion of the incline at the expense of an extra steep 
rise at another. 

It may be taken as an axiom, that where a road is 
designed to ascend, or descend, a mountain at a fixed 
inclination, and is so constructed, déviations to ease off 
any portions made too steep, by carelessness, or inex- 
périence in survey, are impossible. In like manner, a 
mountain road once made of one inclination cannot be 
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modified to another. Any mistake, therefore, in the 
survey for a mountain road of one continuous inclination 
cannot be remedied in construction by any means short 
of the adoption of a steeper inclination than the ruling- 
gradient for a portion of it. This is, of course, supposing 
. the error, as is most probable, to be on the side of 
shortness of length, and steepness of gradients. If the 
error leans towards extra length to a given height, the 
remedy is easy, and the error of little moment. Satis- 
factory errors of this kind are, however, seldom met with, 
as the engineer's désire is to get his Une from the moun- 
tain top to the low country as short in length, and as 
quickly done, as possible. Of course the expédient of 
introducing level lengths at intervais for easing draught- 
cattle may be adopted, and by this device opportunities 
of easing too steep grades may be afïorded. In such 
case the level-lengths introduced for one purpose are 
used for another, and the draught-cattle lose the rest 
projected for them. 

The survey and trace will, of course, be commenced at 
the top of the mountain, and be carried down-hill. The 
fixed point is, as has been described above, at the summit 
of the mountain. It is a common practice to run 
mountain road traces up-hill, but such practice should be 
avoided. Wherever an acute-angled zigzag is met with 
on a mountain road near the summit, the inference is to 
be drawn that that very objectionable feature has resulted 
from the road-trace having been carried up-hill. The 
engineer working upwards, after expending much time 
and labour on his survey and trace, finds that on approach- 
ing the summit of the mountain he is unable to get out 
at the point desired : he is too low. 

His only remedy short of doing ail his work over again 
is to eut the knot he is unable to unravel. He wants 
length, so he obtains it on the hill-side by carrying his 
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Une beyond the gorge and then reversing the direction of 
his road, thus : — 







he is able to reach his objective point. This is accom- 
plished at the expense of the road, for, owing to the steep 
slopes usually met with at the summit of a mountain, 
there îs no room for a good curve, and an acute-angled 
zigzag, which is a great obstruction to traffic, is imported 
into the Une. Zigzags in such a situation can seldom be 
rounded off sutïiciently to allow the trafïic to pass on fseely 
without interruption. During the season when the road 
is carr^'ing its greatest traffic, blocks will be of constant 
occurrence at such points. Acute-angled zigzags should 
be condemned ahogether, and no road survey, and 
trace, should be passed which contains one. 

In railway practice acute-angled zigzags are called 
reversing points, or stations, and they hâve in some 
instances been proclaimed to the world as the wonderful, 
and scientific, device of the engineering progress of the 
âge. They are really nothing of the kind. On the 
contrary, they display a want of skill on the part of the 
engineers concemed, who had no business to run their 
traces into positions from which they could not be extri- 
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cated excepting by the adoption of such a clumsy 
expédient as reversing the Une. The device in practice 
nécessitâtes the reversai of engines to every train. If 
stations are needed on a long incline, they should be 
provided without causing this obstruction to traffic ; and 
the necessity for the introduction of loop-lines, which 
resuit from reversing the trains, would be avoided. It is 
not intended, by the opinion expressed, to lay down a 
hard and fast rule that railway Unes should never be 
reversed. There are, no doubt, occasionally circum- 
stances attending the direction, and precipitousness, of 
mountains which may more than justify the adoption of 
zigzags, or reversing-points ; but they should be avoided 
when by the exercise of skill and patience, economy of 
construction, and in working expenses, will be the resuit. 

If the engineer working, on the false principle, up- 
wards, finds himself too high, he can, of course, reach 
his objective point by easing his gradients ; but he has 
little control over the extra length he is compelled to 
insert into his line. An engineer must be sanguine 
indeed if he imagines that he can fix two points in his 
mountain road trace, and starting from one at a fixed 
gradient, or even with a latitude of gradients, reach the 
other. He may by chance, as it were, do so in some 
cases, but he will generally fail. To work untrammelled, 
with his trace secure from détérioration by a subséquent 
adoption of forced expédients to make both ends meet, 
he must fix one point only. That point must be on the 
summit of the mountain, and he must work down-hill. 

Having determined the position of his road at the 
summit of the mountain, the engineer has to locate his 
road so far as to décide upon the valley, or valleys, into 
which it is to be carried, and upon the spur, or spurs, 
along which he desires it should run. As dépressions in 
mountain ranges are usually found at the heads of valleys, 
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there îs generally a choice to be made from the spurs 
bounding a valley. In making a sélection several points 
hâve to be considered. Mountain chains and their 
subsidiary spurs weather more in one direction than in 
another. The slopes facing the wind which prevails in 
wet weather are denuded of their soil in a greater degree 
than those which are more sheltered. Sélection should 
be made of spurs and slopes which contain the least 
rock, and easiest inclinations, so as to avoid, as far as 
possible, the expense which would hâve to be incurred in 
cutting long lengths of the road out of rock. The slopes 
which hâve the least rock, and the most soil, are also 
easier than those containing rock at the surface ; they 
are therefore, on that account, to be preferred for a road. 
The engineer should also direct his attention to the water- 
supply. If his mountain road is to be many miles in 
length, it is necessary water should be available for the 
draught-cattle, otherwise the want of water en route may 
absolutely prove prohibitory of the adoption of a Une 
favourable in other respects. 

When an engineer has located his line of road generally 
in respect of the several points to which his attention 
has been directed, he is ready to commence his trial 
survey and road-trace. The manner in which this engineer- 
ing opération is to be" accomplished will be described in 
a future chapter. 
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CHAPTER II. 



ROAD SURVEYING. 

I. — General Observations on the Survey and Trace of a Road. 

IL — Survey Opérations— Vertical-Method— Horizontal- Method — 
Remarks. 

L— GENERAL OBSERVATIONS. 

To trace out on the ground a Une for a road is a 
mathematical opération requiring more or less skill on 
the part of the engineer, according as the country to be 
traversed îs flat approaching a horizontal plane, or îs 
comprised of hills and ondulations much inclined to the 
horizontal, ever varying in inclination and direction. A 
road-trace marked on the ground fixes two mathematical 
objects, namely, the latéral direction of the road, and 
the horizontal, or sloping, plane of its surface. In order 
to fix a line which shall be in the centre of a road 
laterally and vertically, the engineer requîres to déter- 
mine the intersection of two planes : he must proceed 
in his opérations so that by the intersection of two 
planes he can locate on the ground a line which shall be 
in a plane passing through the axis of his road. The 
axis of a road is a line contained in a vertical plane pass- 
ing through the centre of a road, and also a line in a 
plane coinciding with the surface of a road. Thèse 
planes are perpendicular to each other, but they are not 
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the two planes which are both invariably employed by 
the engineer. As a road bas two directions, a latéral 
direction and a vertical direction, in order to fix both, 
two planes, imaginary or real, must be used, so that by 
their intersection a Une may be determined which shall 
be the axis of the road. An engineer standing on the 
ground of his opérations may consider what he bas to do 
in the following manner : — he bas before him the earth's 
surface, which, divided into portions, one of which canbe 
brought at a time into the scope of an opération, may be 
regarded as a given plane, or planes, to be employed in a 
practical manner. The ground surface, or plane, îs a 
reality, but by itself is of incomplète use in aiding the 
engineer to fix his line of road. He requires another 
plane to intersect the ground surface, so he imagines a 
vertical plane to pass through the centre of his road. 
On the ground surface, or plane, he marks out a line 
representing the imaginary plane. By this idéal plane 
he is able to fix on the ground the latéral direction of 
his line of road, for the line marked is in the idéal plane 
intersecting the axis of the future road. Also by arrang- 
ing that the points so marked on the ground, intersec- 
tions of the two planes, shall rise or fall a given quantity 
in a given distance, the actual position of the axis as 
respects its other direction, its inclination to the hori- 
zontal, is determined. Thus, the two planes by the 
intersection of which an engineer can fix on the ground 
a line by which, as a guide, a road can be macfe to 
follow at will a certain latéral direction at a certain 
inclination to the horizontal, are, the real plane of the 
earth's surface, and the idéal vertical plane passing 
through the axis of the future road. 

A further considération of the subject will lead the 
engineer to perceive, that the line of intersection of the 
ground plane, and idéal vertical plane, can also be 
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obtained by the intersection of the ground plane with a 
second imaginary plane at right angles to the idéal 
vertical plane. This second imaginary plane is a hori- 
zontal plane, or a plane inclined from a horizontal plane 
by the amount of inclination it may be desired to give 
to the completed road. 

By means of the imaginary vertical plane a line is 
obtained on the earth's surface which is coincident with, 
above, or below, the axis of the road which lies in the 
vertical plane. 

By means of the imaginary horizontal plane a line is 
obtained on the earth's surface which is coincident with, 
on one side of, or on the other side of, the axis of a road 
which lies in the horizontal plane. 

Hence, it is évident, a road may be traced or llned 
out on the earth's surface in two ways, both of which 
are theoretically correct. On the one hand, the imagi- 
nary vertical plane, though it déviâtes from a straight 
plane, and tums, sometimes in one direction and some- 
times in another, is always vertical : on the other hand, 
the imaginary horizontal plane, though it déviâtes from 

the level plane, and sometimes rises and sometimes falls, 
is always horizontal. 

It is proposed to term the two methods of tracing out 
a line for a road which hâve been described the vertical- 
me/hociy and the horizontaUmethod, The main différence 
between the two methods consists in this : — by the verti- 
cal-methôd the vertical plane passing through the centre 
of the road is lined out, while by the horizontal-method 
the inclined plane coinciding with the surface ef the road 
formation is traced. The vertical-method is that which 
is invariably adopted by engineers in tracing out a road or 
railroad on ordinary ground. Railway engineers, in ac- 
cordance with their usual practice when working over 
plains and undulating country, hâve generally adopted 
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the same method on the mountaîn-side. Road engi- 
neers hâve as generally adopted on the mountain-side 
the horizontal-method ; but both classes occasionally 
employ both methods, according as they find one or the 
other method best adapted to the country dealt with, 
The causes which hâve led to the divergence of practice 
between railroad and road engineers require some notice. 

Railway engineers form, as it were, a school of civil 
engineering, and their* work is so precisely defined as re- 
spects curves, and gradients, their éducation has led them 
to follow in the path of those who established the 
System of railroad tracing in a country the features of 
which are, or were in, those localities principally treated, 
simple undulations of ground, and did not include mountain 
ranges and slopes. Railroads were fîrst established in 
the plains, and it was only after a lapse of years that the 
System was extended to mountains as well as to valleys. 
Hence the tendency of railway engineers to follow on the 
mountain side the original practice of their spécial branch 
of engineering. 

On the other hand, road engineers, whose proceedings 
hâve not usually been precisely defined, and whose work, 
when requiring scientific accuracy, has been chiefly in 
hilly and mountainous country, hâve not found themselves 
trammelled as respects their opérations by the practice 
of a rigid school of engineering. Their instructions hâve 
been of a limited character. Indeed, it is apprehended 
that road engineers hâve been left very much to their own 
devices, and their instructions to make roads hâve been 
confined to the names of the towns and villages to which 
it has been desired a new road should be carried, with 
the addition, perhaps, of a defined limiting-gradient. 
Without definite instructions the engineer naturally pro- 
ceeds to instruct himself, and to settle his own method 
of procédure. In tracing out roads on the mountain-side 
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he has found the adoption of the horizontal-method to 
relieve him from the amount of scientific work necessitated 
by the vertical-method. He has also preferred the System 
which is in a measure capable of proving itself to be 
correct, sufficiently accurate, or the reverse. 

The object of both the vertical, and horizontal, methods, 
is, of course, to produce a Une of road without gradients 
exceeding certain ruling-gradients, and with suitable 
curves. As respects curves the road engineer has been 
too apt to pay less attention to them than is désirable ; 
but he endeavours to secure his gradients, and as he 
walks over his trial path, which is eut on the inclined 
horizontal plane which is coincident with his future road 
surface,* he is able, before his work is actually com- 
menced, to see that no errors of moment hâve occurred 
in his proceedings. By the horizontal-method, the per- 
sonal responsibility of the engineer is lessened when an 
inspecting engineer is able to traverse his guage-path 
and to test his gradients with facility by eye, and by in- 
strument. The guage-path is the gradient with allowance 
for the shortening of the Une in construction at salient, 
and re-entering angles. 

By the vertical-method the centre line of the road, as 
respects direction and curves, is accurately traced out. 
Gradient pegs are fîxed ; but thèse pegs only indicate 
the surface plane of the road at those points. The sur- 
face plane of the road between gradient marks may be 
either above or below ground, above or below the pegs 
or stakes which range the line. The line of the vertical 
plane passing through the centre line of the road is open 
to inspection, and gradient pegs can be tested with sur- 
veying instruments, but there can be no personal inspec- 
tion of the line on the ground, which, from observation, 
would give any accurate idea of the gradients, or enable 
an inspecting engineer to form any opinion on that sub- 
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ject. There may be a hiatus between the continuous 
gradient of one section of the line from that of another ; 
but such an inaccuracy cannot be detected by the eye 
unaided. The accuracy of the line dépends upon the 
skill, and character, of the engineer. The personal re- 
sponsibility is very great. 

As a further reason why the railway engineer follows 
his vertical-method, and why the road engineer prefers 
his horizontal-method, may be found in the considéra- 
tion, that the railway engineer is perhaps more tied by 
his curves than by his gradients. The reverse is the 
case with the road engineer. His gradients are of more 
importance to him than his curves. It is probable that 
in practice the railway engineer sometimes finds his 
gradients hâve come out on the wrong side of his ruling- 
gradient. The locomotive superintendent will find out 
what that means, but he will not be prevented from 
travelling over the road by reason of an analogous fault 
in the curves. The road engineer will err in the con- 
trary direction. 

If the application of the two methods to every descrip- 
tion of ground be duly considered, it will be found that 
neither of them is so infallible as to be completely 
independent of the other. The engineer cannot wholly 
adopt either method to the entire exclusion of the other ; 
but must, at times, combine both. It is obvious that the 
horizontal-method of marking out the plane of the 
road's surface is inapplicable when the ground is flat, or 
only inclined transversely at a low angle. Hence this 
method is unsuited to roads which are not situated on 
side-long ground, that is, on the side of a hill. The 
vertical-method is equally inapplicable to precipitous 
ground where the angle between the mountain-side and 
the perpendicular is small. Roads hâve frequently to 
be carried over ground where it would be practically 
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impossible to trace out the vertical axis of the road. 
Portions of the Pacific railroad, where it passes through 
the great chain of the Sierra Nevada, of the Hindustan 
and Thibet road, of the Alpine passes, and of number- 
less other mountain roads, could not hâve been traced out 
by either method alone. It would therefore seem to be 
possible to define the limiting-angle of ground for each 
System ; the smallest angle subtended between the hori- 
zontal and the hill-slope below which the horizontal- 
method should not be employed, and the largest angle 
between the same lines beyond which the vertical-system 
should be abandoned. Practically it would be found, 
that engineers would not feel compelled to take up, or 
abandon, either method by any hard and fast rule. 
Engineers preferring one system, or the other, would 
carry on their own method over the limits which might 
be assigned to each. The mathematician would argue, 
that as the object of each method is to obtain the 
largest angles between the intersecting planes, which- 
ever plane, the vertical or the horizontal, approached 
nearest at its intersection with the ground to the axis 
of the road, should be selected for use. He would lay 
down, that the engineer slyuld mark on the surface of 
the ground that line, which, falling in the vertical or 
horizontal plane passing through the axis of the road, 
is at the least distance from that axis. Thus defined, 
when the ground slopes transversely at 45°, as the angles 
of intersection of the vertical and horizontal planes with 
the slope are equal, and the distances from the inter- 
section of each plane with the ground plane from the 
road axis are equal, either method might be adopted ; 
with slopes between 45° and the horizontal, the vertical 
method would be indicated ; with slopes between 45® 
and the vertical, the horizontal method would be 
employed. 
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Assuming that the définition of the mathematician is 
scientifically correct, it is évident, that as the earth's 
surface necessarily approaches nearer the horizontal than 
the perpendicular, the vertical-method of tracing roads 
has a far wider application than has the horizontal- 
method. This is perfectly true in fact, for ail engineers 
employ the vertical-method in flat, and ordinary undulat- 
ing country. It is only on the hill-side, when the 
ground is inclined transversely to a line of road, that 
any différence of opinion, and practice, is liable to arise. 
Those engineers who are not tied down to the use of the 
vertical-method, find that the mathematician*s limiting- 
angle of 45° is not at ail absolute in practice ; that the hori- 
zontal method is perfectly adapted for use with transverse 
ground slopes as low as 20^ with the horizontal. 

IL— SURVEY OPERATIONS-VERTICAL-MBTHOD— 
HORIZONTAL-METHOD— REMARKS. 

• Survey Opérations. — Before entering upon the détails 
of the two methods of tracing out a mountain road the 
principles of which hâve been sketched out in Section L, 
it is necessary a description should be given of the 
différent opérations which are comprised in a complète 
survey of a road. The opérations are as folio ws : — 

ist. — Reconnaissance of the country. 

2nd. — Trial longitudinal-section. 

^rd. — Survey plan. 

^th. — Correction of longitudinal-section. 

^th. — Tracing the line on the ground. 
\st. — Reconnaissance of the country. — This opération has 
already been described in Chapter I. Further détails will 
be given in Chapter V. 

2nd. — Trial longitudinal^section. — The engineer having 
by the first opération selected generally the line of 
country he wishes to follow, now proceeds to range his 



l8 ROAD SURVEYÏNG. 

line roughiy, taking levels and distances, and making 
allowances for curves. By means of this trial-section the 
engineer is able to locate his line generally, and to déter- 
mine whether or not he can carry it in the direction he 
desires. He finds out if he can overcome difficulties 
which may hâve presented themselves on his preliminary 
examination of the ground, such as the passage of saddles 
and précipitons places, the descent from one spur to 
another, or to a plateau lower down, or, whether he has 
to abandon the whole, or a portion of the projected line 
as impracticable. 

^rd. — Survey-plan. — The engineer having succeeded 
with his trial longitudinal-section sufficiently to satisfy 
himself that he can carry his line over the selected 
country, avoiding impracticable places, and yet keeping 
within his limiting-gradients, now proceeds to make a plan 
of the line, taking care to mark on it the position of 
précipices, or cliffs, or other places which he must avoid. 
He then plots his road on the plan, and inserts ail his' 
curves. 

4M. — Correction of longitudinal-section. — The next 
opération consists in the correction of the longitudinal- 
section first pegged out, using the perfected surveyîng 
instruments, measuring the distances carefully, and lay- 
ing out the curves drawn on the plan. Cross-sections 
should also be taken, not only for the purposes of calcu- 
lation of quantities for the préparation of the estimate, 
but also to afford information whether, or not, the line 
can be moved to one side or the other of the original 
line, either in view to the improvement of curves, or for 
the réduction of work in the construction of the road. 

The longitudinal section having been corrected on the 
ground, the section of the line surveyed should be plotted 
with its levels reduced to a datum. 

hth. — Tracing the line on the ground, — The plan of the 
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road, and section of ground and road, should now be 
examined in order to effect any possible improvement in 
grades, curves, or quantities as respects work in banks, 
and cuttings. The Une should then be traversed, and 
finally corrected on the ground. A path, or nick, eut on 
the line so selected is the final opération. 

Such is a gênerai, fliough brief, description of the 
survey opérations which should be undertaken in order 
to trace out in a hilly, rough, or mountainous, country the 
best possible line for a road which it is desired should be 
constructed on scientific principles. The opérations of 
survey are severally noted under différent heads, but it is 
not absolutely necessary they should be thus sepa- 
rated in practice. The survey work will generally 
partake of the character given to it, but some of the 
opérations may be carried on simultaneously, such as the 
survey "plan y and correction of the longitudinaUsection. 

The survey opérations are very much the same whether 
the vertical, or horizontal, method is employed. There 
is no différence whatever in the scientific géodésie 
opérations needed for the two methods. Indeed the 
operators of both methods employ the same means, and 
produce the same results. They merely differ in so far 
that starting from the same point they travel by différent 
routes. They arrive at the same destination, but do not 
journey together, as they disagree as to the best method 
of overcoming the difficulties they hâve to meet, and 
encounter, by the way. 

The engineer before commencing his survey opérations 
should receive instructions respecting the width, the 
ruling-gradient, and the minimum radii of the curves of 
his projected road. 

VerticaUmethod. — This method of tracing out a line 
for a road, or railroad, is that which is generally practised 
by road and railroad engineers working on ordinary 
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ground ; that is, on the surface of a country which îs 
flat, undulating, or hilly where the transverse slope of the 
ground is slight, forming only a low angle with the horizon. 
The method is also usually adopted by the railway en- 
gineer in a hilly, and mountainous, country, where the 
transverse slope forms a high angle with the horizon. The 
line which by this method is marked out on the ground re- 
presents the intersection between the surface of the country 
and a vertical, though undulating, plane passing through 
the axis of the road. The line traced dœs not represent 
the formation level of the road, but as the ground neces- 
sarily intersects this level where it émerges from, and 
where it enters, a slope in cutting, such points of intersec- 
tion of the three planes, the vertical, the horizontal, and 
the ground surface, planes can be marked on the ground 
as points in the axis of the road. Thus the line marked out 
by this method, though always representing the latéral 
direction of the axis of the road, only occasionally, when 
there are undulations on the transverse slope of a hill, 
reveals the axis itself . When the transverse slope of a hill 
is, as frequently occurs, unbroken for a considérable dis- 
tance, the slope is not steep, and the hill-side not solid 
rock, then the marked line coincides with the neutral- 
axis, and the three planes, the ground, the vertical, and 
the horizontal, or road surface, planes ail meet on the 
surface of the ground. When the transverse slope on a 
hill-side ondulâtes or is broken up longitudinally, which 
is an ordinary condition of the features of mountain 
slopes which are scored by their drainage into transverse 
ravines of diverse form and size, then the neutral-axis 
soon becomes disturbed, and the road-axis passes below 
ground in tunnel and cutting, and above ground in 
embankments, or in the crossings of drains, culverts, 
and bridges. 

The section which is taken by this method îs the 
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actual section of the ground in the vertical plane passing 
through the axis of the road. The line ranged on the 
ground therefore gives the latéral direction of the road 
with its curves, and is the plan of the road, not its 
section as in the horizontal-method. The section of 
the road, that is its horizontal grade planes, is laid down 
on the plotted longitudinal-section which is the section 
of the actual ground taken in the vertical plane of the 
road-axis. This section will then give the heights and 
depths of the embankments, and cuttings, at the road 
centre. By this means, together with the cross-sec- 
tions taken at fréquent intervais where the character of the 
ground changes, the quantities of work to be executed 
are calculated for the estimate. 

The method of procédure is generally as follows : — 
The engineer and his assistants provided with one or 
more of the following surveying instruments, namely — 
( I ) Théodolite, 

(2) Altitude and azimuth, or transit théodolite, 

(3) Dumpy or Y level, 

(4) Tracing quadrant, 

(5) DeLisle's, or Abney's, clinometer, 

(6) A measuring chain, 

start from the previously fixed point at the highest éléva- 
tion the road is to take. They proceed down-hill, and 
fîx pegs where the angle of inclination of the slope 
adopted intersects the slope of the mountain-side. The 
engineer has to exercise his skill, and judgment, in cross- 
ing, or rounding, spurs and ravines, in respect of easing 
his gradient to allow for the shortening of the line at 
curves in construction. 

The second opération consists in the marking out with 
pegs the axis of the road on a vertical plane guided by 
the gradient pegs. The engineer's attention in this part 
of the work is chiefly directed to securing curves within 
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his minimum radii where the line rounds spurs and 
ravines. He has to bear in mind that his déviations from 
the gradient-line to secure proper curves results in in- 
creased work of construction. In this opération the 
engineer may calculate roughly in the field the lengths 
of his curves. 

The third opération required is the préparation of the 
survey-plan of the line, which should be traversed with 
the théodolite. The curves should be laid out on the 
plan, which should embrace the features of the ground, 
and ail important natural objects likely to influence the 
final location of the road. Précipices, cliffs, chasms, 
mountain torrents, and ail other natural obstacles to be 
avoided, or encountered, should be correctly entered on 
the plan. 

The fourth opération, the correction of the longitudi- 
nal-section, can be carried on simultaneously with the 
survey-plan. This opération should be performed, if 
possible, or wherever possible, with a surveying-level, 
which is the best instrument to work with in tracing out 
a road. The section taken is that of the ground along 
the line of pegs ranging the line. By means of this 
section, and of the plan, as a greater part of the longi- 
tudinal-section line is on the curve, straight reaches on 
a mountain*side forming the exception, the ranged line is 
corrected. The radii and lengths of the curves which 
hâve now been determined enable the engineer to correct 
his original section-pegs, and where correction is neces- 
sary, he détermines either to move his pegs, or to alter his 
plan curves. 

Cross-sections are also taken at intervais. 

The corrected longitudinal, or vertical, section is then 
plotted, the levels being reduced to a datum, and the 
cross-sections are likewise plotted to a datum. 

The engineer now rules his gradients on the plotted 
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longitudinal-section, and comparing his section, his plan, 
and his cross-sections, he finally locates the line on his 
plan, and on the ground. 

The fifth opération consists of tracing on the ground 
the line adopted as the best in respect of curves, gra- 
dients, and work to be performed. The corrections made 
may be of an unimportant character as respects the line 
ranged, and be only corrections of parts. This is likely 
to be the case with a skilled operator. An unskilled 
operator may hâve to range his line several times before 
he is finally enabled to comply with his instructions. 

HorizontaUmetliod. — This method is that which has 
commonly been practised by engineers who hâve been 
engaged in tracing out, and constructing, mountain 
roads. As previously stated, both railway and road en- 
gineers occasionally employ the vertical, or horizontal, 
methods when working generally on one method only. 
In a mountainous country ground is met with to which 
both methods cannot possibly apply. In such cases, 
therefore, the only practicable method is employed. In 
a mountainous country where précipices occur which 
cannot be tumed, and avoided, neither method may 
be applicable, and the distances and levels hâve then 
to be determined by other routes of survey to be devised 
to meet such spécial circumstances. The engineer has 
then to fall back upon his knowledge of his instruments, 
and of géométrie problems. 

The line which by this method is traced out on the 
ground represents the intersection between the surface 
of the country and a horizontally inclined plane passing 
through the axis of the road, and which is coincident 
with the plane of the surface formation of the road. 

This line, therefore, gives, not the latéral direction of 
the road with its curves as in the former method, but 
represents the other ordinate of the roud's axis which is 
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its inclination, or gradient. It is the contour line of the 
road on the mountain-side. 

Although the trace on the mountain-side does not 
profess to be the true direction of the road laterally, yet, 
when the transverse slope of the mountain is unbroken 
for some distance, and the curves of the spurs traversed 
exceed the minimum radii of the road curves ; when also 
the transverse slope is not of rock, and precipitous, then 
the traced Une coincides with the neutral-axis, and the 
three planes, the ground, the vertical, and the horizontal 
or road surface, planes ail meet on the surface of the 
ground. This neutral-axis, which is the intersection of 
the three planes mentioned, soon becomes displaced 
from the surface of the mountain marked by the trace 
when the salient, and re-entering, curves formed by 
the drainage of the mountain are small, and abrupt. 
The axis of the road then falls in cutting when within 
the mountain side, and in embankment when without 
the slope, or when crossing drains, culverts, and 
bridges. 

The section which is taken by this method is the 
actual section of the ground in the horizontal plane 
passing through the axis of the road. The line ranged 
on the ground, Itherefore, gives the horizontal direction of 
the road, that is, its grades, and is the section of the 
road, not its plan as in the vertical-method. The plan 
of the road, that is, its latéral direction and curves, is 
laid down on the plotted horizontal-section, which is the 
plan of the actual ground taken on the horizontal plane 
of the road axis. This plan will then give the horizontal 
depths of cuttings, and widths of embankments at the 
road centre. By this means^ together with the cross- 
sections taken at fréquent intervais, where the character 
of the ground changes, the quantities of work to be 
executed are calculated for the estimate. 



ROAD SURVEYING. 25 

The method of procédure is as follows : — 
The engîneer and his assistants, provided with one or 
more of the following surveying instruments, namely — 
(i) Théodolite, 

(2) Altitude and azîmuth or transit théodolite, 

(3) Dumpy or Y level, 

(4) Tracing quadrant, 

(5) DeLisle's or Abney's clinometer, 

(6) A measuring chain, 

start from the previously fixed point at the highest 
élévation the road is to take. They proceed down-hill, 
and fix pegs where the angle of inclination, or fall of the 
gradient adopted, intersects the slope of the mountain- 
side. The engineer has to exercise his skill, and 
judgment, in rounding spurs and ravines, in respect of 
easing his gradient to allow for the shortening of the line 
in construction at salient and re-entering angles. 

The second opération consists in making a survey-plan 
of the line marked out. The line is traversed with a 
théodolite, and ail features of the ground likely to influence 
the final location of the line, such as précipices, cliffs, 
chasms, mountain torrents, and ail other natural obstacles 
to be avoided, or surmounted, should be correctly surveyed 
and entered on the plan. 

The third opération, which can be effected in the office 
in the first instance, and be afterwards compared and 
corrected in the field, consists in designing the line of 
the road on the survey-plan. The latéral direction of the 
road with its curves is delineated on the plan. 

The fourth opération consists in the correction of the 
grade-line ranged on the ground. The surveying-level 
should, if possible, or wherever possible, be employed in 
the correction of the grade line. It is the best instrument 
to work with wherever the ground will permit of its being 
set up. By means of the plan, and the horizontal-section 

4R 
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* 

thus ranged, is the line for the road correctly de- 
termined. 

Cross-sections are taken at intervais wherever the 
transverse slope changes. 

The corrected grade-line or horizontal section on the 
hill-side is then plotted on the plan. 

The engineer now plots his gradients from the plan 
and section of the grade-plane. Comparing thèse together 
with his cross-sections, he finally locates the line. 

The fifth opération consists of tracing on the ground 
the line adopted as the best in respect of curves, gradients, 
and work to be performed. 

The corrections made from time to time may be only 
of an unimportant character affecting the line only in 
parts. This is likely to be the case with a skilled 
operator. An unskilled engineer may hâve to range his 
grade line several times before he is enabled to comply 
with his instructions. 

Remarks. — Engineers will naturally employ the method 
which is to them the easiest of application, and the 
most correct in resuit. As previously mentioned, the 
vertical-method is the most careful of the latéral direc- 
tion of the road, and its curves ; the horizontal-method 
is most careful of the road grades. By the vertical- 
method the plan of the road is ranged on the ground \ 
by the horizontal-method the section of the road is 
marked out. Grades, and curves, are of the utmost 
importance for railways, but curves are the most important 
of the two. Grades, and curves, are important forroads, 
but grades predominate in this respect. 

Thèse reasons, therefore, are sufficient to show why 
the vertical-method is practised by railway engineers, 
and the horizontal-method is preferred by road engi- 
neers. This is the scientific view of the question. It is, 
however, to be feared, that in very many instances road 
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engineers hâve not been guided by scientific considéra- 
tions. They hâve adopted the horizontal-method, be- 
cause they hâve found that they could by means af it 
make a road without taking the trouble to go carefully 
through ail the survey-operations which hâve been 
described ; whereas by the vertical-method they would 
hâve been compelled to dévote more time and labour to 
the survey. They hâve soon obtained their grades on 
the ground, and hâve left the curves to take care of 
themselves. They hâve never taken the trouble to test 
their survey and line by plotting the longitudinal-sec- 
tion from the centre-line of the road on the plan. The 
resuit of their carelessness has been, that their roads 
having tumed out much shorter than the grade-line 
traced, the road gradients hâve exceeded the limiting- 
gradients laid down for them ; the curves also are shorter 
than were desired. 

Road trafïic does not work with any refined nicety 
as to grades, and curves ; hence the indiffèrent mountain 
roads which hâve been constructed in many countries 
are used by trafïic. 

Railways made on the vertical-system of survey hâve 
fared somewhat better than roads made on the horizon- 
tal-system. The grade marked out not being perceptible 
to the eye, the engineer has been compelled to be carç- 
ful with his survey. His errors hâve resulted in produc- 
ing grades steeper than désired, and no doubt his curves 
are sometimes shorter than intended owing to the length- 
ening of the line rendered necessary by too steep 
grades. 

An engineer inspecting a ranged vertical railway-line 
can form a good opinion of the direction of the line ; 
without instruments he can form no opinion of the 
grades. 

An engineer inspecting a ranged grade road-line can 
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form a good opinion of the slope of the line, and a fair 
opinion of its direction. 

A foot, or bridle, path is essentially necessary on a 
mountain-side, if not for the survey opérations, for the 
convenîence of the engineering staff, and workpeople, 
during the construction of the road. Such a path on 
the adoption of the vertical-method is independent of 
the survey, and is made where fancy, or convenience, 
may dictate. 

By the horizontal-ipethod a trial, or guage-path, is 
obtained on the line ranged. This path on the comple- 
tion of the survey is eut out to any desired width. Thus 
from the commencement a road of communication is 
obtained on the grade-plane. As the work proceeds 
the guage-path increases in width and is constantly 
împroving as a communication. 
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CHAPTER III. 



ORDINARY ROADS. 

Remarks — Instructions — Road Termini — Intermediatb Towns — 
Classification of Roads — Construction — Ruling-Gradients. 

The engineer when marking out a Une for a new road 
Crossing ordinary ground, that is, a country which is 
comparatively level in places, and undulating in others, 
does not require to hâve his ruling-gradient prominently 
in his mind as his guide. His road within prescribed 
limits undulates with the country, rising in some 
portions, and falling in others, his longitudinal section is, 
therefore, well within his control, and his work is not 
continually subjected to the ruling gradient test, which, 
in hilly ground, is so constantly appealed to, and which so 
often trips up his work, and obliges him to run fresh 
trial lines. 

The engineer will, presumably, be provided with instruc- 
tions. He will require to know : — 

ist. — The termini of the road. 

2nd. — The intermediate towns, or villages to be 
brought into communication. 

^rd. — The classification of the road. 

\th. — The construction, and transverse-section, of 
the road, 

$th. — The ruling-gradient of the road. 
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Definite instructions on thèse heads may be consi- 
dered as aflfording sufficient information for the guidance 
of an engineer of expérience. To an engineer of less 
expérience numerous points of difficulty will arise for 
settlement in connection with détails both of survey, and 
exécution of the road works. The following gênerai 
remarks, or instructions under each head given above may 
in whole, or in part, be found useful by road engineers. 

ist, — Termini of the road. — The engineer, before he 
commences his survey, should carefully examine on foot, 
or on horse-back, the country between the places it is 
desired to connect together by a road. During his in- 
spection he will weigh in his mind the advantages and 
disadvantages of the shortest line, the line with the best 
gradients, and the line which would traverse the fîrmest 
ground. If in an agricultural country where the ground 
to be taken up by the road has to be paid for, he will 
understand that he is to avoid as far as possible valuable 
ground where he can run his line to one side or the 
other without adding materially to its length. If the 
road has to cross garden land under irrigation, the engineer 
will be aware that his road-width must in such places be 
reduced to its narrowest dimensions ; that banks must be 
retained by stone-walling in place of being formed with 
slopes ; and that provision must be made through, and 
across, his road for the irrigational channels. 

The opérations of lining out the road, and making the 
survey from which the estimate will be prepared, may be 
carried out separately, or simultaneously. If the country 
is very easy the line may be marked out first, and the 
survey can follow. Instruments will be requîred for 
ranging the line with accuracy, and for setting out the 
curves. The survey will be made on the vertical-method, 
and the centre line will be nicked out by a small trench 
eut in the ground. Through forests a pathway will be 
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eut and cleared. In low ground, and rice fields, the line 
is best marked out by heaps of earth placed at con- 
venient intervais ; stakes and pegs, excepting for very 
temporary purposes, are sure to be removed to the 
annoyance of the engineer. 

The engineer will, in traversing a valley, endeavour to 
skirt the base of the hills for the double purpose of 
placing his road on hard ground, and to avoid crossing 
the tributary streams to the valley river at their greatest 
widths, and where, moreover, the depth of foundations 
is sure to be increased. He must not, however, take 
too high a line, otherwise his road will run to too great a 
length, and be a séries of ascending, and descending, 
gradients which will perhaps trench on the ruiing-gradient 
too closely. The ruling-grade for an ordinary road 
should only occasionally be employed, as when in cross- 
ing a projecting spur from the hills intruding further into 
the valley than its neighbours, and which would neces- 
sitate too long a déviation to avoid with advantage. 

Although the gênerai line for a road may often be 
selected with a view to avoid valuable ground which 
would hâve to be purchased, the engineer in running his 
line in a valley at the edge of the hills where it joins an 
alluvial plain, must not doubt how to deal with the cul- 
tivated fields which run up between the spurs. If he 
avoids trenching on cultivated land by hugging the base 
of the hills, necessitating a constant déviation from the 
direct line, and producing a serpentine road, he doubt- 
less effects an economy in the item of land purchase ; 
but, on the other hand, he constantly increases the cost 
of his road by adding to its length. He would certainly 
efïect a saving in cross-drainage masonry-works by 
taking the streams higher up on firmer ground, and he 
would often save some banking ; but the extra length is 
a set-off, and the practical object hi view, to connect two 
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places by a good road on the shortest line, would be 
completely lost sight of. The advice may be given to an 
engineer, floundering amongst difficulties such as bave 
been described, that the road should hâve bis first 
thought. A short and good road it is bis business to 
provide, and thèse are the éléments which will be appre- 
ciated by the public using it. Déviations of any great 
extent should not be made to avoid cultivated ground. 
As a rule the road should be carried straight through the 
fields, slight déviations only being made to secure good 
positions for bridges. 

It is always désirable, for many reasons, to avoid 
having to construct oblique-bridges on country roads. 
Skew-bridges cannot be avoided in or near towns whether 
for railways, roads, or canals ; but they are very seldom a 
necessity in the country. Engineers are not always free 
from the vanity which they are able to gratify by the 
skilful construction of a handsome skew-bridge ; but in 
such utilitarian works as roads, and railroads, thèse 
feelings should be subdued. A bridge on the skew is more 
expensive than one on the square providing the same 
waterway, and is /r(? r^/i3: more costly to construct. In 
tracing out a road, therefore, care should be taken to 
carry the line at right-angles to the streams which must 
be crossed. When a line unavoidably runs along the 
bank of a stream, and close to it, the adoption of a bridge 
on the skew may be a necessity ; but in nearly ail other 
cases it may be avoided for country roads. Road en- 
gineers are commonly very much averse to the introduc- 
tion of any curves in their bridge approaches. They 
consider a bridge and its approaches should be as straight 
as possible. It is not easy to account for this peculiarity 
excepting by supposing it is referable to good railway 
practice. Curves bave a far greater importance on rail- 
ways than on roads, and doubtless the railway engineer 
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does ail he can to keep curves out of his line. Although 
every curve is a déviation from a direct line, railways, and 
roads, cannot be made without them, and as conceras 
roads there is, it may be said, an aesthetic necessity for 
curves. This necessity bas no existence in railways, be- 
cause the view in the direction of the line is eut ofï both 
ways, and the attention of travellers is entirely directed 
to objects on each side of the line, which are mostly 
sufficient to engage ail their faculties of sight by reason 
of the rapidity with which they corne under notice. It is 
différent with road-travelling. Nothing is more dreary, or 
fatiguing to the mind, than joumeying along a perfectly 
straight road. An engineer will do well to introduce a 
single, or double curve into his road approaches to bridges 
where long straight reaches in his road are monotonous. 
Moreover, by so doing he can fît his bridge to the stream 
better than by sacrificing the best bridge site and posi- 
tion, in the endeavour to make his road as straight as 
possible. He may thus often avoid building his bridge 
on the skew, and if the structure with river banks and 
water afford a picturesque view, a curved approach en- 
ables the traveller to enjoy what would not otherwise 
corne under his notice. 

271(1» — Intermediate towns or villages to be brought 
into communication. — The engineer will détermine whether 
his road is to run through intermediate places, or is only 
to skirt them. If the towns, or villages, are of any im- 
portance, they will possess some roads, or streets, with 
which the new line can be brought into connection. If 
the villages are small and unprovided with roads, or 
streets, of sufficient width for the passage of traffic, the 
new road may be taken past them at a convenient dis- 
tance for a short branch line of communication. Where 
the through traffic on the new road is likely to be heavy, 
it is far better to keep it outside villages which are 
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thickly populated, and in which the dwellings are cramp- 
ed together. 

^rd. — Classification of Road. — That ail roads should 
be constnicted on one plan, or System, and of one size, 
would either be a uselessly extravagant, or inefficient, 
proposai. It is therefore a commonly recognized principle, 
that when a system of roads is proposed for a newly 
occupied country, or for a country in need of communica- 
tions, that the roads to be constnicted should be classified. 
Excepting for roads in, or near, towns, which will be 
designed to suit local requirements, and which may need 
to be given a roadway from 30 to 100 feet in width, 
besides causeways for foot passengers, it will be suffi- 
cient to divide ordinary roads into three classes to 
be distinguished by their width. A road is really classi- 
fied by its width and construction, but the latter , 
clément will naturally follow the former. The width 
of a road is determined by the nature of the traffic for 
which it is projected, and also by the amount of such 
traffic. In a country where large heavy waggons are 
in use, or in an agricultural country where waggons, 
and carts, are employed for the conveyance of pro- 
duce, which, light in character, is extremely bulky when 
loosely loaded in the fields in harvest time, a suffi- 
cient width of roadway is necessary to permit- of two 
fully laden vehicles to pass each other in safety. The 
width of roads in, or near, towns will be decided on local 
considérations ; but for a first-class road to carry a large 
amount of bulky traffic, and quick traffic as well, a clear 
width of 30 or 35 feet may be necessary. 

The width of a road forms so important an élément in 
its cost, and maintenance, that engineers should be care- 
ful not to design their roads of greater breadth than may 
be necessary to meet traffic requirements. In most 
couiitiics a clcar width of 24 feet will bc found to pro- 
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vide ample accommodation for the traffic of a first-class 
country road. 

For roads of secondary importance, such as provincial 
roads which are not principal mail roads, or mail lines of 
communication through a country, a clcar width of 21 
feet will be sufficient. This width may be adopted for 
second-class roads. 

For roads in outlying districts with a small amount of 
traffic, or for short feeders to first-class roads or rail- 
ways, which may be termed third-class roads, a width of 
18 feet will be sufficient. 

Roads of 16 feet or even le'ss are frequently to be 
met with, but such narrow widths do not provide a road- 
way reasonably safe for either slow, or quick, traffic. 
Slow traffic occupies more latéral space than quick 
traffic, but the latter requires a greater margin for safcty. 
Provided, therefore, that the traffic on a road is not so 
heavy as to require the slow and the quick traffic to be 
separated, the width of roadway which is sufficient for 
slow heavy goods traffic is suitable, and not in excess of 
that which is désirable for quick traffic. 

Briefly, therefore, it may be laid down, that for main 
roads on which it is desired the slow traffic should be 
separated from the quick, the width of roadway should 
not be less than 30 feet. Such roads may be 30 feet 
and upwards to meet the circumstances of position, 
length, and amount of traffic. 

The classification for country roads adopted in this 
treatise is as follows : — 

A firsUclass country road to hâve a clear width of 
roadway of 24 feet. 

A second-class road to hâve a ' width of roadway of 
21 feet. 

A third-class road to hâve a width of roadway ôf 
18 feet. 
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Footpaths of 6 feet width may be provided on both 
sides of a first-class road when approaching a town, but 
one footpath will generally be found sufficient for country 
roads in those countries where footpaths are used. In 
eastern countries footpaths are almost useless, as Asiatics 
will not keep to them but prefer to walk on the roads 
themselves. 

Sections of a 30 foot town road with two footpaths ; 
of a 24 foot first-class country road with a single foot- 
path ; of a second-class 2 1 foot road on soft, and on hard 
soil ; and of a third-class 18 foot road, are given in Plate I. 

^th. — Construction of road and transverse-section, — 
Roads hâve been classed according to the manner in 
which their foundations hâve been formed. Thus Mr. 
Law classifies his roads as having no artificial founda- 
tion ; as having a foundation of concrète ; and as having 
a paved foundation. This classification may probably 
be suitably applied to English roads, or to roads in 
highly civilized, and populous, countries where the traffic 
is heavy. For it can readily be comprehended, that the 
expense of makîng the foundation of a road of lime con- 
crète could only be thought of in connection with roads 
near populous cities. The paved road- System of Mr. 
Telford is now almost exploded. It consisted of laying 
a rough pavement on the top of the formation surface 
over which the covering materials were laid. The System 
may commend itself, perhaps, where stone suitable for 
the purpose is plentiful, but it is now known that good 
roads without the disadvantages of the pa^ing-system 
are to be obtained by giving the covering material a cer- 
tain thickness whether of Macadam's métal or broken 
stone, or of stone of a less degree of hardness. 

The paving-sy stem as applied to the formation surface 
of a road has been found unsatisfactory. The stones 
work up through the covering material, which in time 
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seems to sink through the paving into the subsoil. The 
covering material has then to be renewed to a consi- 
dérable thickness to restore the road surface. 

The System and classification of modem macadam 
roads as adopted in England at the présent time are well 
described by Mr. Kinnear Clark, CE., as foUows : — 

" First Class Metropolitan Roads. 

" When the ground has been excavated and levelled, it 
should be rolled, when it consists of clay. A bottoming 
or bed 1 2 inches thick of ' hard-core' is laid on the 
ground ; it may consist of brick rubbish, clinker, old 
broken concrète, broken stone or shivers, or any other 
hard material, in pièces. The bed should be rolled down 
to a thickness of 9 inches, and any loose or hoUow places 
made up to the level. 

" Next comes a layer of Thames ballast, 5 inches thick, 
rolled solidly to a thickness of 3 inches. The ballast 
serves to fill up the vacancies in the bottoming, and, 
being less costly, saves so much of the cost for broken 
granité. 

" Broken granité, or macadam, is laid upon the pre- 
pared surface of the ballast in two successive layers 3 
inches thick, rolled successively, to a combined thickness 
of 4 inches ; a layer of sharp sand, -J or | inch thick, 
should be scattered over the second layer, and rolled into 
it with plenty of water. But it is better to add the sand 
and the water as the second layer of granité is laid, and 
to roll them well together. 

'* Broken Guernsey granité, which is hard and enduring, 
is the best material for the coating ; Aberdeen granité is 
softer, and is not so good for the purpose. Flints are, in 
some instances, laid instead of granité; but they are 
worst of ail for the coat, for they are brittle, and are soon 
reduced, by the traffic, to small fragments. 
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'' Second'Class Metropolitafi Roads are unusually con- 
structed of a hard core of brick rubbish, or other material, 
about 9 inches thick, and a layer of broken granité, or of 
flints about 4 inches thick. The material is not in gênerai 
submitted to rolling except by the action of the traffic. 

** Country Roads. — The regular width of country roads 
is 18 feet ; but some of them are only 10 feet wide, and 
others may be more than 18 feet. The bottom is exca- 
vated with a flat floor, not being rounded to the contour 
of the surface. The bottom layer, or hard core, consists 
of any hard and dry rubbish : broken bricks, lumps of 
chalk, or hard flints. The material most usually employ- 
ed consists of flint-stones, which are got out of the fîelds. 
The largest stones, which may be as much as 6 or 8 
inches across, are laid at the bottom. Chalk flints answer 
best for the bottoming. They are rough, and they bind 
fîrmly together, and are open, afîording free space for the 
drainage. If the bottom is of solid material, as chalk or 
rock-stufî, the bed is laid in to a thickness of 1 2 inches. 
If it be soft, as of clay or of sand, it is made up to a 
thickness of 18 inches. 

" The finishing layer, or coating, consists of flints of a 
smaller size; they are broken up, if necessary, to the 
usual size of macadam, and are laid 6 inches thick. No 
binding of any kind is employed, nor is it the practice to 
roll the roads.*' 

The home System of road-making, as given above, is 
not altogether suited for adoption in India and the Colo- 
nies. In England the excellent covering materials 
named can be procured in sufficient quantity at moderate 
cost, and it would appear that for even a first-class me- 
tropolitan road a combined thickness of two feet of such 
materials is sufficient to form a good road for the heaviest 
traffic. Country roads are raised i J to 2 feet with hard 
material. 
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In countries less prosperous and civilized, where dis- 
tances are great, and hard materials are not abundant, and 
are costly, the practice in road-making must necessarily 
differ from that which prevails in England. Road-making 
in India bas particularly engaged tbe attention of engi- 
neers for a number of years. That country, so extensive, 
so varied inphysical characteristics, and in which such large 
sums hâve been, and still continue to be, expended on its 
communications, bas proved a wide field in which a large 
body of practical engineers hâve carried out numerous 
methods of road construction. 

The modem practice for country roads in India in a 
measure reverses the System of placing the solid materials 
below ground as a foundation for a less solid surface. 
It is found that excellent road surfaces resuit from making 
road banks of ordinary soil covered with a layer of a 
barder material, which in its turn is treated with a coating 
of métal of the best broken stone procurable. There is 
no doubt, that if the bottbming of a road can be made of 
any hard stuflf, such as quarry spoil, broken brick, or of 
the materials mentioned above as in use for English 
roads, or any similar material, that a good road will resuit 
from minimum depth of section ; but in most countries 
it is only on hill and mountain roads that hard stuff is 
available in sufficient quantities to form road banks. 

That good roads are to be made on banks of ordinary 
soil is now a well known fact. Success with this System 
dépends upon the transverse section. The road must be 
raised above the country traversed, and be well drained 
longitudinally, and transversely. Underground drainage 
is unnecessary, but the surface drainage of the road 
itself, and of its banks, must be carefully attended to. 
In soft clay soil it is only necessary to bave well raised 
banks covered with a layer of sand and then metalled on 
the surface, combined with perfect cross drainage, to en* 
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sure a good road at ail seasons. The side excavations 
made in the fîrst instance to provide the materials for the 
bank aid in the drainage even after the dépressions be- 
come partially fîlled, and rounded, by the action of wet 
weather, as shown in Plate /. In hard soil the road bank 
need not be raised so much as in soft soil, and the métal 
is placed directly on the bank after the latter has been 
rolled. 

Country roads may therefore be classed by their trans- 
verse sections. The best roads are those formed on 
well raised banks, over which are spread, if the banks 
are of soil, a foot of decomposed rock, or the hardest 
material procurable, which is itself covered with nine 
inches of broken stone or métal. An ordinary country 
road may be raised two feet, and if of soft soil receive a 
covering of soft stone, or other such material, of a foot 
in thickness, which after being well rolled may receive 
its macadamized covering of six inches of métal laid 
down, and Consolidated, two or three inches at a time. 

Road sections are given in Plate I., the analysis of 
which is as foUows : — 



Classification. 


Bank. 


Covering. 


Métal. 


Town 30 ft. road on soft soil 


2è ft. 


I ft. 


9 in. 


„ „ hard ,, ...... 

Fîrst class ;24 ft. road on soft soil. 


2i „ 
2 » 


V'ft. 


9 M 

9 » 


„ „ hard „ 
Second class 2 1 ft. road on soft soil. 


2 „ 
2 „ 


l'ft 


9 » 
6 „ 


„ „ hard „ 
Thîrd class 18 ft. road on soft soil. 


2 „ 


1 "ft". 


6 „ 
6 „ 


„ „ hard „ 


li » 




6 „ 



' When the road banks of soft soil hâve been formed 
and well rammed, the one foot covering of soft, or de- 
composed, rock, or other hard material is spread. If 
the banks are made with flat surfaces, they are sure to 
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become concave in wet weather, and îf the métal has 
been incautiously laid, great expense will be incurred in 
bringing the road to a convex section which will stand ail 
weathers. Before the metalling is added, therefore, the 
banks should be barrelled, and well rolled> so that when 
wet weather occurs the consolidation which ensues 
should not exceed, in the road centre, the amount of 
convexity which has been given to it. The banks should 
be exposed to the whole of a wet season, and be brought 
to a convex surface before metalling is added. When 
the métal is laid — three inches generally for a first 
coat — the rise decided for the road centre should be 
carefuUy attended to, and slightly exceeded. The métal 
coat should be spread rather thicker at the centre half 
than at the side quarters. On the whole, when the 
metalling is complète, the convexity of the surface — a sub- 
ject of the utmost importance which will be mentioned 
further on, and which will be dwelt upon in Chapter 
IV. — should be a shade in excess of the limit laid down. 

Of roads which are only formed by the excavation of 
side trenches sufïiciently large to raise the road one foot, 
or six inches, or of roads, which when tolerably well 
raised are not tnetalled, it may be observed, they can 
only be termed fair-weather roads; for in wet weather 
they become almost, if not quite, impassable. Rolling 
will do a great deal for unmetalled roads, but in long 
continued wet weather they must succumb : not being 
raised sufïiciently to be properly drained they become 
saturated, and not being metalled their surfaces when in 
that condition will not bear the weight of laden carts. 

It would be useless to métal the surfaces of roads of 

the above description. They can only be improved by 

being well raised above the surrounding country in the 

first instance. In tropical countries where the wet 

weather occurs yearly in certain months, during which 
6r 
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time traffic on roads in a measure ceases, very good 
country roads are obtained without metalling their sur- 
faces. Indeed, in the fine season such roads are often 
far pleasanter to travel over than are ihetalled roads. 
Such roads are repaired, and well rolled, as the wet 
season is drawing to a close. 

Metalled roads are an abomination to the horseman. 
When the traffic is such that it is not absolutely necessary 
to the préservation of a road that it should be metalled 
its whole width, it is a common, and good, practice to 
leave a side-width, on one or both sides, from 3 to 6 feet, 
for the benefit of horsemen. The practice of leaving 
1 2 feet, or cart-widths on each side of a centre metalling 
to allow of quick traffic taking the centre, and slow traffic 
the sides, can never prove satisfactory. The heavy 
traffic uses the soft road surface, which soon becomes eut 
up and covered with thick dust, or mud. 

It is, of course, by far the best plan to make a road 
complète with banks, bridges, and drains in the first 
instance, but this is seldom the course pursued. In a 
newly occupied country the clearing of a track is generally 
the only opération which is undertaken in the first season. 
The ground is cleared of trees and bushes, inequalities 
of surface are removed, holes are fiUed in, and side 
trenches, to define the line, are eut. The banks of streams 
are also sloped, and with this opération the clearing a 
track is brought to a close. The principle which is the 
guide to the formation of a cleared track is, that a cart, 
or other strongly built wheeled-vehicle, may be able to 
travel over it without an upset. If the communication 
thus inaugurated attracts traffic, it is very soon found that 
improvements are needed to keep it open. The track, 
now almost obliterated, requires covering materials, and 
thèse are added in an inefficient manner, the traffic and 
the working parties thoroughly impeding each other. The 
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cleared track, or road, is now taken in hand for substantial 
improvement. It is banked over soft ground, which 
nécessitâtes the déviation of the traffic at such places, 
and as the road is now raised an inconvénient height above 
the beds of the streams, drains, and Irish bridges — see 
Plate //. — are required. In process of time the whole 
road is drained, when, for the first time, the road surface 
can be properly attended to ; for a good road requires a 
firm surface, and this is only to be obtained by macada- 
mizing over a raised surface, and rolHng. The proper 
consolidation of a road surface cannot be effected so long 
as the road is not drained, for rollers cannot be efficiently 
employed on a line unprovided with cross-drainage 
masonry-works. Until such works are constructed a 
road cannot be given a proper longitudinal section. 
Lastly the larger streams are bridged, and the road is 
consixlered as complète. 

A road built up by degrees after the manner above 
described may, after a lapse of years, become a good 
road; but the method of procédure is thoroughly unsatis- 
factory to an engineer. A road in process of construc- 
tion présents a séries of impediments in the way of a 
traveller who attempts to take advantage of the line 
selected. For this reason when traffic on a road, how- 
ever bad, is once established, it is very difficult for an 
engineer to improve it thoroughly. He cannot stop 
the traffic though he is obliged to put it to great incon- 
venience. The resuit is a sort of compromise. The 
road is insufficiently banked ; the workmanlike appear- 
ance of the side-slopes is utterly ruined ; the longi- 
tudinal-section projected is never attained ; the traffic 
meets with many mishaps, and in the end the communi- 
cation tums out an inferior road at first-class cost. 

Where a cleared track has been badly laid out, the 
footpaths of the inhabitants having been generally 
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followed, the engineer has more room to work in when 
forming his road, for his déviations will be very considér- 
able. In fact, he may be able, and be permitted, to take 
up a new line altogether. He will now be able to raise 
his road sufficiently, more or less according as the super- 
stratum is soft and liquescent in wet weather, or is hard 
and perméable. He will take care to hâve his road suffi- 
ciently embanked to obtain, firstly, complète longitudinal 
and tranverse drainage, and, secondly, an adhérence, to 
his scientifically laid out longitudinal-section. He will 
first exécute the bulk of his earthworks, and then com- 
mence upon his cross-drains, which will comprise slab- 
drains with one or more vents, and culverts with one or 
more archways. 

If the larger streams are not to be bridged in the first 
instance, the engineer will be careful to align his road to 
the sites he may sélect for his bridges, and then carry 
his road by temporary déviations across the streams, the 
banksof which he will slopedown toa practicable gradient, 
I in i8 to 20, for wheeled vehicles. Watercourse banks 
should never be sloped down on the direct line of a road 
which is likely to be bridged and drained ; for when the 
drainage works are undertaken, the sloped approaches 
hâve ail to be filled in again, and to a reverse angle, 
forming a maximum of bank for a minimum height. Dé- 
viations for the traffic hâve also to be made after ail, so 
nothing is gained, and much is lost. 

It is advisable to make ail déviations across the beds 
of watercourses on the down-stream side of a road line. 
If made up-stream the banks are interfered with in a 
manner which is likely to afïect the flow of the streams, 
and the lengths of the culverts, or bridges, as respects 
their wing, or retum, walls. This advice does not, of 
course, apply to rivers, which would be unaffected by road 
cuttings proportionally small compared with the basins 
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of thc streams. The road déviations in such cases would 
naturally be carried to the nearest fords, whether above 
or below the bridges' sites. 

Even when a road is to be made complète with bridges, 
and drains, it is advisable to make déviations at every 
watercourse, practicable for wheels, after the manner re- 
conimended above. For, materials hâve always to be 
conveyed along a road under construction, and it is a 
good plan to define at once the track to be foUowed by 
the local road traffic. Such a practice also facilitâtes 
the inspection of the road by the engineer and his 
subordinates. 

It is a difficult problem to make a road over sandy or 
alluvial soil where stone is not to be obtained. In such 
a country the question is one of finance more than of 
engineering. Sand or alluvial soil will make a road bank, 
but the covering materials must be obtained from a dis- 
tance or be made artificially. If bricks can be made 
from the soil along the Une of road, they can be used 
broken up as a covering material. Limestone, which is 
found in modules in alluvial soil, is also much employed 
for this purpose. In the absence of better material a 
tolerable road surface can be made of a mixture of sand 
and clay, the proportions being determined by experiment. 

In a sandstone country where the rock cnishes under 
the weight of cart wheels into fine sand, the best method 
is to pave the sandy soil with the sandstone, to embank 
slightly on this paving with clay, and to make the surface 
covering of a mixture of sand and clay, or of broken 
brick. The road should not hâve side-slopes, but be 
retained with low walls of sandstone. 

In a sandy country where no other material is pro- 
curable, the only chance of making a road at ail dépends 
upon the practicability, which is chiefly financial, of 
being able to import a sufficient amount of clay to make 
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bricks for a surface to be formed on embankments of 
sand. 

In stony countries subject to a heavy rainfall — there is 
an intimate connection between the two, as much rain 
càrries off to the valleys the disintegrated rock and 
soil — it is a good plan to substitute low retaining-walls 
in place of side-slopes to a road. The stone should be 
laid dry for drainage purposes, and for economy, and in 
a short time végétation acts in place of a cementing 
material. In constructing roads in this manner care 
should be taken not to raise the banks an inch higher 
than is absolutely necessary to secure complète longitu- 
dinal, and transverse, drainage; for such roads require 
to be provided with more protection for the traffic than 
is necessary with road banks with side-slopes. Where 
retaining-walls are over i^ feet in height, blocks of 
stone set up on the road edge afïord very fair protection. 

When road-banks are higli, as in bridge approaches, 
and the soil of which they are composed is soft, and 
absorbent, care should be taken that the side-slopes are 
not made too steep, or that the excavations alongside 
the banks to supply the material are not placed too 
near the feet of the slopes. The banks should not be 
left to form their own slopes in construction,* which in 
dry weather are sure to assume a steeper slope than the 
angle of repose in wet weather. Nothing should be left 
to chance. The toes of the slopes should be accurately 
laid out with respect to the rate of slope it is known 
the soil will maintain, and the excavations should not 
approach them within 15 or 20 feet. 

If thèse précautions are not observed, the road banks 
will, in dry weather, split open longitudinally near the 
outer edge of each side of the road. The road will, in 
fact, show that it needs support, and to apply a remedy 
after the banks and side excavations hâve once been 
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made, is difficult and costly. Such faulty banks will also 
settle more than if properly constructed at first. 

The engineer will be careful to hâve his cuttings exca- 
vated, to the slopes determined upon, with accuracy. 
When finished, his cuttings should hâve the appearance 
of having been machine eut. A new road with its side 
cuttings excavated irregularly, at haphazard, can only 
hâve an untidy, and unworkmanlike appearance. Besides 
this, if the side-cutting slopes are not attended to in 
exécution, worknaen are sure to eut too much into the 
banks near the road level, a practice which is productive 
of evil, for many years to come. For, wet weather con- 
stantly brings down the upper banks which hâve been 
too much undercut, the inner gutter gets choked, and 
the drainage tums on to the road. 

Care should also be taken with the side-slopes of 
banks. They should be formed with regularity, and 
should be turfed. 

Ordinary country roads, excepting where they may 
traverse steep side-long ground, do not require curbing. 
It was formerly a practice to curb ail roads which had a 
metalled surface. The curb-stones were placed on each 
side of the road at its edge, or at the edge of the 
metalling, if this was narrower than the road-width, in 
order to keep up the macadam and prevent its falling 
away. In this respect the curbing was effective, but it 
had the great disadvantage of being very costly, and of 
forming a raised division on each side of a road. Carts 
constantly went over the curbing and displaced it. More- 
over, in the course of a few years the curbing frequently 
got covered up and disappeared altogether. It is now 
found, that the metalling can be very fairly kept up by 
being, during consolidation, supported by good road 
material other than métal. If a road is properly main- 
tained by the entertainment of permanent working 
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parties, it can be kept quite free from loose stones which 
may work away from the edge of the macadam. If a 
road is metalled its whole width from gutter to gutter, it 
may be curbed if the expense is not considered to be 
too heavy. In such position the curbs do not interfère 
with the traffic, and do support, and define the road. 

In side-long ground where the inner gutter is large, and 
the outer gutter, only necessary where the road is enclosed 
by a parapet or mound, is small, curbing on the inner, 
or hill-side, edge is necessary, otherwise the drainage, 
which has an increased velocity in such situations, will 
hâve a set against the road edge, and soon wear it away. 

In side-long ground in soft soil the inner gutter must 
be roughly paved, or hâve small rough stone walls placed 
across it every hère and there on steep gradients. The 
scour of the soil is thus arrested. 

Road masonry-works will be treated of in a subséquent 
chapter. It is only necessary to observe in this place, 
that ample waterway should be given to the cross drains 
of a road ; that in soft soil drains should hâve paved floors 
with aprons at each end ; that road banks should be 
efficiently retained by wing-walls at the mouths of the 
drains, and that ail dangerous places should be protected. 

Parapets, comices, and strings, when on a gradient 
should foUow the gradient, and should not be built 
horizontally, and be stepped. This applies to bridges, 
culverts, and drains, as well as to simple parapets on 
retaîning-walls* Hill-grades are not, however, usually 
carried over large bridges. The engineer in his survey 
will usually carry his Une level across bridge sites. 

The transverse-section of a road surface should be the 
arc of a circle of which the road-width is the chord and 
the rise on the road centre the versed-sine. The amount 
of rise should not exceed i in 24, or be less than i in 36, 
on ordinary roads. A rise of 4 inches for a 20 fpot road- 
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wîdth, which is i in 30, is recommended for easy longi- 
tudinal gradients. On hill-gradients of i in 24, and i in 
20, the rise may be increased to 5, and 6, inches so as to 
give a transverse slope equal to the longitudinal gradient, 
and so prevent the surface drainage from effecting a too 
great scour of the road surface, which it is sure to do in 
countries subject to a heavy rainfall if the longitudinal 
exceeds the transverse slope. 

^^th.-^Ruling'gradient of road. — For a road traversing 
an ordinary, as distinguished from a hilly or mountainous, 
country, a country which comprises ground varying 
from the level through undulations to hills of moderate 
height, two ruling-gradients should be adopted. For a 
flat road, or portion of a road, and for a road crossing 
ordinary undulating country, the ruiing-gradient should 
be I in 35. For the hill portions, if the ascents are 
short, the ruiing-gradient should be i in 20. If the 
ascents are long, say over a mile, the road would not 
fall within the category of roads treated of in this chapter. 
For long ascents a third ruiing-gradient is necessary, 
somewhat easier than i in 20. The subject of the ruling- 
grade suited for hill and mountain roads will be found in 
Chapter IV. of this treatise. 

The longitudinal-section of a road should not be made 
to undulate with the surface of the ground traversed, 
following every inequality. The road should be em- 
banked, consequently the best gênerai gradient suited 
to a length of it, crossing diverse inequalities which 
may be either added to, or absorbed by, the road- 
bank, should be adopted. Many slopes in différent 
directions, rises, and dépressions, thus become obliterated, 
as it were, by one long road gradient, which is, of course, 
always to be kept within the ruling-grade. A road 
should not be made truly level, for an approximately level 
road does not afïect traction, while an accurately level 

7R 
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road is, either not to be properly drained, or the gutters 
and side ditches require to be made to slope to incon- 
vénient depths below ground. 

In the following chapter, " Design for a Mountain 
Road/' ail the éléments of a good road will be fully inves- 
tigated. So many points having référence to " ordinary" 
as well as to ** mountain" roads will be treated of in that 
chapter, that the reader is referred to it for any infor- 
mation connected with ordinary roads which may not be 
found in the présent chapter. 
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CHAPTER IV. 



DESIGN FOR A MOUNTAIN ROAD. 

I.— THEORY AND EXPERIMENTAL DATA. 

A Perfect Road — RuLiNG Gradient — ^Theoretical Considérations — 
Table of Tractive Forces on Inclines — ^Table of Rises per 
Mile of Grades and Angles. 

II.— PRINCIPLES AND PRACTICE. 
LeaDING PrINCIPLES — DiRECTNESS — WlDTH — GRADES — SeCTION BEST 

FOR Traffic Drainage and Maintenance — Hardness of Sur- 
face — Longitudinal Drainage — ^Transverse Drainage — Pro- 
tection. 

I.— THEORY AND EXPERIMENTAL DATA. 

A ROAD to be theoretically perfect should be straight, 
level, smooth, and hard. As the surface of the earth is 
not smooth, and level, but is, owing to its original forma- 
tion, internai beat, extemal cold, and the action through 
long âges of its drainage waters combined with at- 
mospheric influences, more or less rough, and undulating, 
ît is obviously impracticable to make upon it a theoretically 
perfect road. It is the business of the engineer to ap- 
proximate as closely as is possible to the theoretical 
perfection above mentioned. 

In designing a road to cross a country, the object of 
the engineer is to construct such a communication 
as will enable wheeled-traflîc to pass over it with the 
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least expenditure of motive-power. Motive-power i$ 
economized by the adoption of low summit-levels of hill 
ranges, direct lines, flat gradients, easy curves, and by 
the avoidance of loss of height once gained, The 
engineer has, however, to consider economy of construc- 
tion, and to avoid making the cost of carrying out his 
designs to exceed the expenditure which would produce 
a fair return directly or indirectly for the capital sunk 
upon it. Thus, economy of motive-power, and economy 
of cost, are antagonistic to each other in road construc- 
tion. The road engineer has to weigh the two in the 
balance, and the practical resuit is, that as the motive- 
power available, that of draught-animals, is very con- 
sidérable, he is able to descend from theoretical com- 
pleteness, and with the exceptions of the lowest summit- 
levels, and losses of height, the other points noted, the 
direct line, the flat gradients, the easy curves, are shorn 
of their theoretical perfection at the expense of the 
motive-power. 

Thus, the engineer has to détermine by calculation, 
and experiment, by his own expérience, or that of others, 
the steepest ruling-gradient for his road compatible with 
the traffic to be conveyed ; that is, nature of vehicles, 
weight of average load, and power of tractive-forces. 

Railroads not falling within the scope of this treatise, 
ordinary communications for the tractive-power of cattle 
are those which hâve to be considered. As soon as he 
has reconnoitred the country, but before selecting his 
line for a road, the engineer will hâve determined upon 
his ruling-gradient. For a road for wheeled-trafiic the 
ruling-gradient is determined by two considérations; — 
the tractive-power available for ascending, and waste of 
power in descending. 

The theoretical considération of this question is, ac- 
cording to Rankine, as foUows : — 
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The proportion of the résistance of the load on a level 
/, added to the sine of the angle of the ascent t, multi- 
plied by the load W, should not exceed the greatest trac- 
tive-force P available. 

W (/+0 should not be greater than P. Or t should not 

be greater than -jp — / (i) 

In order that no energy should be wasted to prevent accélération 
of speed in descending, 
I should not exceed/l (2) 

The co-efficient of résistance, /j varies with the con- 
dition of the surface of the road. It consists of two 
parts, one friction constant at ail speeds, the other 
vibration increasing with the velocity. The value of / in 
the first formula corresponds with the least speed of 
ascent : in formula (2) it corresponds with the greatest 
speed of descent. 

It is obvious, therefore, that the less the proportion of 
the résistance to the load on a level the easier should be 
the ruling-gradient. The easier the ruling-gradient the 
more expensive the road, and the more skill is required 
on the part of the engineer in tracing out the line. Thus 
railways require easier ruling-gradients than roads, and 
they are more difficult to line out. The necessity also of 
their having flatter curves increases this difficulty. 

The proportionate value of the résistance of a loady* on 
roads of différent descriptions determined by Sir John 
Macneill by expérience with an instrument of his inven- 
tion is as follows : — 

Stone pavement A = 'O15 

Broken stone road on firm f oundation -h = "020 

Gravel road rz = '067 

Soft, sandy and gravelly ground ^ = -143 

Mr. Telford estimated the average résistance of car- 
nages on a good broken stone road on the level at -^ the 
gross load. He therefore assigned, in accordance with 
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équation (2) given above, i in 30 as the ruling-gradient 
that should, as far as possible, be adopted for an 
ordinary road. Occasionally, he admitted in practice 
for short distances gradients as steep as 1 in 20, and 
I in 15. 

If the tractive force which a horse can exert steadily 
at a walk on the level be taken at 120 Ibs., the résistance 
of the load being ^ the load, the gross load he is able 
to draw up an incline of i in 30 is : — 

FF (/ + = P FF (V& + T^) = 120 W = 1,800 Ibs. 

On the level — 

FF X ,\i = 120 W = 3,600 Ibs. 

The following table gives the gênerai results of Sir 
John Macneiirs experiments made with a stage coach on 
the same description of road on différent inclines, and 
with différent speeds : — 



Table I. 



Grades. 


Rates of travelling. 


Force required. 


Proportion. 


I in 20 




268 Ibs. 


2-414 


26 


6 miles 


213 „ 


1-919 


30 


par 


165 „ 


1-486 


40 


hour. 


160 „ 


1441 


600 




III „ 


rooo 


I in 20 




296 Ibs. 


2-466 


26 


8 miles 


219 >, 


1-825 


30 


par 


196 „ 


1-633 


40 


hour. 


166 „ 


1375 


600 




120 „ 


rooo 


I in 20 




318 Ibs. 


2-484 


26 


10 miles 


225 „ 


1-757 


30 


par 


200 „ 


1-562 


40 


hour. 


172 „ 


1-343 


600 




128 „ 


rooo 
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From this table ît will be observed, that the tractive- 
force required to draw a carnage up an incline of i in 20 
is nearly two and a-half times, on an incline of i in 26 
nearly twice, and on an incline of i in 35 nearly once 
and a-half, that required on the level. 

The foUowing Table II. affords a view of the tractive- 
force required on différent inclines with heavy and slow, 
and lighter and quicker traffic. 

Table III. gives the vertical rise per mile at différent 
grades, and other usefui information. {Tables in Spon's 
Dictionary 0/ Engineering.) 

Table II. 









Foi. * St. 


GI W.GOK. 






Fo..ST,o.C 


0..H. 




Rauof 


Fn« 


Force 


EiiDiva- Ëqnlvs- 


Force 


Foret Eq 


I«. B 


iii»a- 


.t&r»s. 






lenllcnglhjknllenglh 


w'ïiîiî? 




"f" '" 


[^K 








Iddtaw 


ofktrl otkwL 






















.hïcwth 


theccBch ma 


Itor ™ 


df«. 






uptl^ 












>cc»|. 








tncll«. 


ng wagon. ^Lng 




incline. 


îîîïltK. Ing 


oach. Ing 


ctach. 






Ibs. 


Iba. 


Mile^. 


Miles. 


Ibs. 


Iba. M 


lies. 


Mlles. 


lia 600 


5 44 


286 


341 


I oSs 


9150 


373 


350 ' 


030 


9690 


- 575 


s 59 


387 


340 


I o83 


9116 


373 


350 I 


032 


9676 


.. SSO 


6 15 




339 


ID93 


9074 


374 


349 1 


°Î2 


9662 


« 535 


633 


389 


33a 


1097 


9M9 


374 


349 > 


°35 


9646 


., 500 


653 


agi 


337 




8979 


375 


348 1 


D37 


?^^ 


.. 475 


7 "4 


393 


335 


II07 


8926 


376 


3*7 > 


039 


9fcS 


.. 45° 


7 38 


394 


234 


I 113 


8869 


377 


347 l 


041 


9S88 


M 4=5 


8 s 


395 


333 




8801 


377 


346 I 


043 


9563 


>■ 400 


836 


197 


330 




8735 


378 


345 " 


046 


9535 


.. 375 


9 10 


300 


228 


1 .36 


8641 


3S0 


344 1 


049 


9505 


,, 35" 


9 49 


30Î 


3IS 


1 146 


8543 


381 


343 I 


0.^3 


9469 


„ 3»S 


'o 35 


30s 


212 


'■'57 


8433 


3S3 


341 I 


056 


943a 


.. Vx> 


D II 38 


309 


319 


1170 


830. 


3Ô4 


339 I 


061 


9381 


„ ago 


II SI 


3<o 


317 


I 176 


8245 


385 


338 I 


064 


9358 


„ 280 


13 17 


313 


3l6 


I 1S2 


8179 


386 


338 . 


066 


9336 


,. 370 


lï 44 


3'4 


314 


1189 


8111 


336 


337 " 


068 


93' 4 


,. afio 


13 13 


3>5 




1 .96 


8039 


3S7 


336 I 


071 


928Ô 


,. 35° 


>3 4S 


3'7 


210 


1-304 


7963 


388 


335 1 


074 


''^6 


.■ 240 


14 19 


330 


208 




7^76 


390 


334 1 


077 




« "30 


14 57 


333 


ïos 


1 322 


778S 


391 


333 ■ 


030 


9193 


„ ï»o 


«5 37 


335 


203 


1 132 


7683 


393 


331 1 


084 


9'56 




16 12 


,138 




1 243 


7573 


394 


33<^ ' 


088 


9'is 




17 n 


33" 


197 


'355 


7451 


395 


338 1 


092 


9071 


„ 190 


18 6 


S 


'93 


I 358 


73'9 


397 


336 1 


097 


9034 


,. 180 


,9 6 


189 


1 283 


7171 


399 


324 1 


103 


Ks 


.. 170 


ao 13 


343 


'85 


i-yx 1 


7004 


401 


322 I 


109 




, 160 


ïi 39 


348 


180 


' 3^9 1 


6S14 


404 


330 I 


m6 




., 15° 


3ï 5S 


353 


■74 


1341 1 


6587 


406 


3'7 » 


113 




- 140 


° 34 33 


360 


168 


1 3&4 


P359 


410 


3'4 I 


■33 


8673 
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Table II. — continued. 
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Table III. 
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It is unnecessary to discuss further the theory of the 

subject, or to enter into ail the refinements which may be 

introduced into it. The results of actual experiment of 

cases under spécial conditions hâve also been given in 

sufficient détail. Engineers are bound to combine theory 

with practice, and after giving due considération to the 
8r 
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theoretical side of the subject of road inclines, and to 
the experiments referred to, they must weigh their results 
against practical expérience, and economy, combined. 

The force of traction on roads varies with différent 
conditions of road surface, and, moreover, the capabilities 
of draught-animals vary indefinitely. Loads also vary. 
The theorist might refine the subject so far as to design 
his road to suit the heaviest load with the weakest 
draught. The military man knows that the marching rate 
of speed of his régiment is ruled by the physical capacities 
of the weakest men. But the experienced officer is 
aware that the extrême weak must fall out of the rank, 
and be left behitid, and the practical engineer acknowledges 
that the weakly draught-animals must fall by the way, 
and be deserted. 

It has been stated above, that the smaller the propor- 
tion of the résistance to the load on the level, the easier 
should be the gradient. From this fact it has been 
deduced, that on roads which hâve unmetalled surfaces, 
and are rough, producing great friction, steeper gradients 
are permissible than on metalled roads with smooth, and 
hard surfaces. The engineer must not be misled by 
déductions made from what is really a theoretical sophism 
as applied to roads on which the tractive-power of draught- 
animals is employed. He will not understand the 
theoretical déduction to imply, that a road has only to be 
made with a rough surface creating great friction to 
enable him to put steeper gradients on such road than he 
could use on one with a hard surface ; but that the in- 
creased tractive-power required on such a rough road 
would carry the load over steeper gradients than could the 
tractive-power just required for the load on the level 
metalled road. Of course, the bad road requires greater 
tractive-power than the good one, and practically, the same 
tractive-power being used for both, the number of working 
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hours, and the distances travelled on the good road with 
a hard surface, become reduced on the bad road with a 
rough surface. The adjustment of tractive-power between 
the two is made in this manner. 

IL— PRINCIPLES AND PRACTICE. 

The leading principles adopted in the design for a 
mountain road given in this work are as foUows : — 
It should be — 

1 . As direct as possible. 

2. Of sufficient breadthfor the traffic, 

3. Easy in gradients for thé traffic. 

4. Of a section best suited to the traffic, 

5. Of a section best suited to the drainage of its 

surface. 

6. Of a section best suited to economy of main- 

tenance. 

7. Sufficiently hard on the surface to carry the 

traffic without breaking up. 

8. Well drained longitudinally . 

9. Bridged and drained transversely. 
10. Well protected. 

I. As direct as possible. — A road Connecting two 
places should, of course, be as short as possible. That 
a road should be direct does not mean it should be 
straight. If the country to be traversed be tolerably 
level, a road to unité two points may be made straight, 
or nearly so, and such a road would be as direct as pos- 
sible. But when the country undulates, is hilly, or moun- 
tainous, the most direct road which can be made will not 
be straight. Over a rough country the tracks made by 
the inhabitants for themselves, and their cattle, are 
nearly straight, and are as direct as possible, but they 
are compelled, as the road engineer is compelled, to 
deviate from the straight line by the compulsory adop- 
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tîon of a ruling-gradient, and by the obstruction caused 
by natural obstacles. A footpath, or cattle-track, cannot 
cross ground which slopes at an angle steeper than men 
or cattle can climb. The maximum slope which men and 
cattle can ascend or descend in pursuance of their ordi- 
nary occupations is the ruling-gradient for such tracks. 
Also, a footpath, or cattle-track, cannot be carried in a 
straight Une across a precipitous gorge, or over the rapids 
of a river. A path must be carried to one side or the 
other to turn the natural obstruction. Thus, a track, or 
path, used by the inhabitants of a country is, though not 
straight, as direct as possible. 

The most direct road in a hilly country winds round 
the hills instead of going over them in a straight line. 
If a circular hill has slopes of 50° 26' on both sides, it is 
no longer a distance to go round it at a level than to go 
over it, and the waste of tractive-power required to raise 
a given weight a given height is avoided. With hills of 
easier slopes it is better, though not shorter, to go round 
them than to cross them in a direct line. 

Table IL, given in this chapter, shows the équivalent 
lengths of a level road for an ascending, and descending, 
waggon and coach on différent inclines of one mile in 
length. 

Table III. gives the rise per mile of différent gra- 
dients. From Table II. it will be found, that on the 
following gradients the équivalent lengths of a level road 
for the vehicles mentioned when ascending are : — 

Waggon. 

I mUe I in 35 = 2*456 miles level = 2\ times. 
„ I in 24 = 3- 120 „ =3 
„ I in 20 = 3-538 „ = li „ 

Coach. 

I mile I in 35 = 1*530 miles level = i J times. 
,. lin 24 =1774 „ = ij 
„ I in 20 = 1*926 „ =2 
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So that for slow heavy traffic, of the description given, 
the expenditure of tractive-force required to draw a 
waggon for one mile up gradients of i in 35, i in 24, 
and I in 20, is the same as that needed to draw it 2^, 3, 
and 3^ miles on the level respectively. 

Likewise for quick traffic, of the description given, 
the expenditure of tractive-force required to draw a 
coach for one mile up gradients of i in 35, i in 24, 
and I in 20, is the same as that needed to draw it i ^, 1 1, 
and 2 miles on the level. 

From Table III., compared with the aboyé results, 
it will be found that, disregarding time, the length of a 
road may be advantageously increased to avoid an ascent 
for slow and heavy traffic : — 

I in 35 87^ times the height nearly. 

lin 24 72 „ 

I in 20 70 „ 

And for quick traffic — 

I in 35 52^ times the height nearly. 

I in 24 42 „ 

I in 20 40 ,, 

Thèse comparisons may be useful, but no gênerai rule 
can be given to meet ail cases as respects the increased 
length a road may be advantageously made, in terms of 
the height, to avoid an ascent ; for, the comparative time 
occupied in making the journeys forms an important 
élément in any case which arises for settlement. 

For example, suppose three mountain roads, each 10 
miles in length, to be constructed on grades of i in 35, i in 
24, and I in 20, r-espectively. A laden cart or waggon 
drawn by bullocks would make the 10 miles ascent on each 
road, and would traverse the équivalent distances on the 
level, approximately, as follows : — 
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Table IV. 
Shw Traffic. 



Miles. 


Grade. 
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Miles. 


Hours. 


Pro- 
portion. 
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2 


10 
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I 



Similar comparisons with quick traffic traversing the 
same ascending roads, and their équivalents on the level, 
show approximately as under, Table V. : — 
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So that, for slow traffic, as respects tinte, shorter hill 
inclines are to be preferred to longer level roads ; while 
for quick traffic there is but little choice to be made 
between the two in this respect. 

As regards the expenditure of tractive-force for slow 
traffic, hills act less unfavourably than they do for quick 
traffic, équivalent distances on the level being so much 
longer as to occupy nearly double the time on the journey, 
which would afîect injuriously the condition of the 
draught-animals. 

The tractive energy exhibited in each case of ascent, 
and its équivalent on the level is the same, but with 
animal-power the duration of a journey is of such import- 
ance, that with slow traffic the shorter hill ascents would 
take less out of draught-cattle than the longer level routes. 
With quick traffic the same would be the case as respects 
the ascents of i in 24, and i in 20, while for the easier 
ascents of i in 35 and its équivalent on the level, there is 
but little room for sélection. 

If a comparison be made of the time occupied by 
slow traffic in making the journey of ten miles up the 
three ascents, it will be observed, that the steepness of 
the grade plays an important part both in the duration 
of the journey, and in the expenditure of tractive energy. 
The engineer has therefore to décide upon the gradient 
which will enable him to make his ascent with the shortest 
length of road compatible with a fair exertion on the part 
of draught-cattle. He has to avoid too lengthy a road, 
and over-exertion of animal draught-power. 

With quick traffic the grade of ascent is of still greater 
importance, the ten miles of the i in 35 road occupying 
2^ hours only against the 4 hours of ascent of the 
I in 20 road. Time is of the utmost importance for 
quick traffic, and is indeed the first considération. 

It should be noticed, that reasoning based oh tractive- 
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force is not equally applicable to roads, and railroads. 
Vital energy as exerted by draught-animals is one thing, 
mechanîcal-force is another. A man would prefer to 
walk five miles up an ascent of i in 24 to traversing its 
équivalent of ten miles on the level. He would be less 
fatigued by his exertion on the shorter journey. With 
draught-cattle ît is the same within certain limits. With 
steam-power the matter is reduced to the simple question 
of cost. 

From the very diverse character of the power of 
draught-animals, such précise data as would afford theo- 
retical accuracy is not to be obtained for the purpose of 
determining the exact gradient which should be adopted 
for a mountain ascent to meet ail requirements ; but 
the data, and statements, which hâve been given are 
approximately correct, and supply ail that is needed for 
considération. The conclusions which are to be drawn 
as regards hill gradients in their efîect upon traffic, are, 
that for slow traffic inclines of considérable steepness 
may be admitted upon roads, whereas for quick traffic it 
. is advisable that the gradients should be as easy as 
possible. 

The comparisons which hâve been instituted between 
short roads on steep gradients, and longer roads on the 
level, apply, of course, only to roads traversing an undu- 
lating country, which, rising and falling, permits of any 
choice being made in the matter. When a mountain 
range cannot be tumed, and has to be ascended, there 
is no choice. The road must be on the iticline, and the 
question then is to décide what that incline should be which 
would best suit the traffic with due regard to economy of cost. 
Tables II. and III. will enable the engineer to institute 
comparisons between the results produced by the adop- 
tion of différent gradients, after the manner shown in 
this section, as respects inclines and the level. 

9R 
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As in the case of afootpath, or cattle-track, which must 
deviate from the straight line to avoid impracticable 
ground, or to gain the ford of a river, so must a road 
deviate to secure favourable ground and the best posi- 
tions for bridges required to cross the larger rivers. 

It is évident from what has been said, that to makè 
a road straight may not only be impossible, but if possible 
may be so disadvantageous in other respects, that it 
could not fulfil the first principle given at the head of 
this section, that a road should be as direct as possible. 

2. Of sufficient breadthfor the traffic. — The classifi- 
cation of road-widths given in Chapter III. has référence 
to roads crossing a flat, or slightly undulating country. 
For mountain roads it can never, or at least very seldom, 
be necessary to hâve a greater width of roadway than 
^4 feet, the width laid down for a first-class road. Indeed 
excepting for very important main roads the width of a 
second class road, 2 1 feet, will be f ound to be amply 
sufficient for mountain roads. Although the widths laid 
dûwn for ordinary roads, namely 24, 21, and 18, feet 
respectively are good widths for roads whether across 
mountains or over plains, yet, the second-class road 
width of 2 1 feet clear is recommended for adoption in ail 
mountain roads of any importance as regards length of 
road, and height to be overcome. On the one hand, the 
expense of mountain roads in side-long ground is very 
great, and on the other, mountain roads hâve no elasticity 
in case of a block in the traffic. For economy's sake, 
theref ore, the second-class width of 2 1 feet is recommended 
in place of the first-class width of 24 feet, and for the 
convenience of traffic this width is proposed in lieu of the 
third-class width of 18 feet. 

In the plates illustrating this treatise the width of the 
mountain roadway will be taken as 2 1 feet. This width 
includes the small outer gutter and guard stones. 
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3. Easy in gradients for the traffic, — The ruling- 
gradient of a road is the steepest rate of inclination which 
is to be permitted to be given to it. It i^ the gradient 
which is on no account to be exceeded in steepness on 
any portion of a road. In the case of a road traversing 
an undulating country its gradients do not adhère to the 
ruling-grade, for they should, and are Hkely to, vary 
between the level and the ruling-gradient. In crossing 
a flat country, although a ruHng-gradient may be laid 
down in an engineer's instructions, yet he may be able 
to project a line economical as to length and expense, 
and yet not hâve a gradient approaching in steepness his 
ruling-gradient. 

In the case of a mountain road the ruling-gradient deter- 
mined upon is of the highest importance, because such 
a road is likely to adhère closely to the ruling-grade. The 
engineer desires to make his road as short as possible, he 
therefore adopts generally the ruling-grade for his inclines. 
Infact,in tracinghis road down the side of a mountain, the 
engineer pegs out his line in such a manner as to give 
to his finished road the ruling-gradient. He may be 
restricted in the employment of the ruling-grade, that is, 
he may be instructed not to give more than a stated pro- 
portion of the length of his road, or more than a certain 
continuons length, a gradient so steep as the ruling- 
gradient ; but if not so restricted in the use of the ruling- 
grade fixed upon, he will adopt the ruling-gradient as the 
grade of his ascent, for the steepest gradient admissible 
gives the shortest and cheapest road. 

It is évident, therefore, that no fixed ruling-gradient 
is to be recommended for ail roads in whatever situation, 
but that there will be a différence between the ruling- 
gradient for an ordinary road traversing an ordinary level, 
or undulating, country, and that which is advisable for 
a mountain road. 
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• 

The ruling, or limiting, gradient which should be de- 
termined upon for a road is dépendent upon the nature 
of the traffic for the use of which it is projected, on 
the probable length, and conséquent cost, of the completed 
road, and whether the country to be traversed requires 
a continuous ascent, or descent ; or being extended in 
mountain ranges and valleys, is to be crossed by a road 
which must ascend, and descend, for one or more por- 
tions of its length. 

In highly civilized countries when it is determined 
to connect two places by a road, the cost of such 
road is generally a secondary considération to the con- 
venience of the traffic. Traffic in such a country is not 
confîned to wheeled-vehicles travelling slowjy ; it does 
not consist principally of heavy goods with occasional 
passenger traffic, but comprises much passenger traffic 
which requires to travel at considérable speed ; of light 
goods traffic at a reduced speed ; and of heavy goods traffic 
which travels at slow speed. Of course the cost of even 
such a road as this is a matter for considération, because 
a theoretically perfect road would be perfectly straight 
and perfectly level. It is obviously impracticable to make 
a road theoretically perfect, but to make a road with such 
gradients as would enable quick traffic to ascend with 
ease, and descend with safety, is practicable. The 
limiting-gradient suitable for quick traffic has been 
determined at i in 35, and it has been found in practice 
that ruling-gradients of i in 35 to i in 30 fulfîl most suit- 
ably the requirements of a good road crossing an undu- 
lating country suitable for quick traffic. Coaches, and 
carriages, are necessarily retarded in ascending hills how- 
ever moderate their inclination may be ; but the speed of 
such vehicles up-hill need not necessarily be greatly 
reduced for inclinations of considérable steepness. The 
inclination for descent which practically admit s of high 
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speed rather niles the gradient for roads projected for 
quick traffic, and expérience has determined that horses 
may be driven down inclinations of i in 35 at the rate of 
1 3 miles an hour, or as fast as they can trot, with perfect 
safety. A gradient of i in 35 has been found to présent 
no impediment to fast driving either in ascending, or 
descending. Conséquent on thèse considérations, in pro- 
jecting a new road to cross an undulating, or moderately 
hilly, country, suitable for quick traffic, it is recommended 
that I in 35 be adopted as the ruling-gradient. 

If a road across a mountain, or a mountainous country, 
be of sufficient importance as to justify the cost of the 
extra length in order to suit quick traffic, the same ruling- 
gradient may be adopted. 

In India and the Colonies, however, where the traffic, 
excepting on grand trunk or mail roads, is principally 
slow cart or waggon traffic, and economy of construction, 
and of maintenance, as respects length, is a most important 
considération, it would be extravagant to make a mountain 
road, or even a road traversing ordinary country with a 
limiting.gradient of i in 35. For slow traffic, roads with 
inclinations very much steeper than i in 35 are practicable, 
and convenient. For such roads the conditions are 
reversed. The ascending inclination which is practicable 
for laden carts or waggons drawn by bullocks rules the 
limiting-gradient. For the inclination of descent is of 
less conséquence for animais which travel at a foot-pace 
than the gradient of ascent. The same is the case with 
horse-draught when steeper gradients than those down 
which horses can trot fast in safety is adopted. A man 
walks slowly up-hill, and quickly down-hill. A horse does 
the reverse : the steeper the ascent the faster, until 
fatigued, he attempts to travel. It is in conséquence of 
this fact, and that it is the steep ascent which is most 
tryîng to cattle in gênerai, that the ascending inclination 
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ruies the limiting-gradient for roads which are chiefly 
required for slow traffic. 

For foot, and bridle, paths, for men, horses, ponies, 
mules, donkeys, and baggage-animals, the conditions are 
again reversed. Men^ and ail animais, can climb steeper 
places than they can descend, and besides this fact animais 
cannot be ridden, neither can baggage-animals retain 
theirloads, downdescents which as ascentsare practicable. 
The descending inclination, therefore, rules the limiting- 
gradient for foot and bridle-paths. 

It is found by expérience, that slow traffic can without 
over-exertion on the part of draught-animals ascend 
gradients as steep as i in i6 to i in 20, even when the 
ascents are continuons forseveral miles. Whereacountry, 
though mountainous, nécessitâtes an undulating road 
which breaks its gradients frequently, the steeper portions 
of such a road can be given gradients as steep as i in 20 
without causing obstruction to traffic by the breaking 
down of the draught-cattle. But, for single ascents 
exceeding 5 miles, grades of i in 16 to i in 20 are too 
severe. A ruling-gradient of i in 20 may well be adopted 
for a road traversing an undulating country which allows 
of grades between level and i in 20 ; but for continuons 
ascents, exceeding 5 miles, i in 20 is too steep. Engineers 
sometimes adoptthe expédient of introducing level portions 
in each mile, or at certain intervais, in their mountain 
roads, in order to ease the draught-animals ; but if such 
level portions are not déductions from the length of the 
road above, or below, the mountain, or of the mountain 
road itself, this method has little to recommend it. 
Draught-animals would be eased still more by being 
halted or unyoked for the time which would be occupied 
in traversing the level portions. 

A ruling-gradient of i in 20 has been very generally 
adopted for the mountain roads in India. The range of 
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mountains which. runs parallel with the western coast 
of India, which is very precipitous on its western, or sea, 
side, and which has so graduai a fall to the east that the 
eastem slope forms the plains of the Deccan, isascended 
by many mountain, or ghat, roads with inclines of about 
I in 20. Thèse ascents are continuous, and vary in 
length from 6 to 20 miles : they are appreciated by the 
public carriers accustomed in earlier days to roads with 
grades as steep as i in 15, i in 10, and even i in 5, or 6. 
But the author, who has had an intimate acquaintance 
with thèse mountain roads, and their trafïîc, during the 
last twenty-four years, has arrived at the conclusion that 
a I in 20 niling-gradient is too steep for continuous 
mountain ascents exceeding 5 or 6 miles in length. It is 
recommended that mountain roads having continuous 
ascents at a niling-grade, should not be steeper than 
I in 24 if exceeding 5 miles in length. 

The Hindustan and Thibet road is considered to be 
one of the finest hill roads in existence. The section 
from Kalka in the plains to Simla, which has an éléva- 
tion of 7,000 feet, is 56 miles in length. The niling- 
gradient of this road is i in 20, but it is not continuous, 
as 56 miles at i in 2owouldrise 14,784 feet. 56 miles 
rising 7,000 feet gives an average grade of i in 42. Be- 
yond Simla to Pangi, a distance of 157 miles, the gradi- 
ents of the road are said to be good. 

Although mountain roads are, in gênerai, projected for 
slow goods trafïîc, yet as civilization, and wealth, in a 
country increases, communications for wheeled-trafïîc 
gradually become used by an increased amount of quick 
trafïîc. Ascending gradients of i in 20, i in 18, and i in 
16, are too steep to permit of carriages drawn by horses 
ascending for any distance except at a foot-pace. Hack 
conveyances with relays at short distances can, and do, 
proceed more rapidly over hill roads with thèse grades ; 
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but such service is accompanied with a great amount 
of cruelty to the draught-animals. Private horses are 
not called upon to perform like hired hackneys which are 
supposed to be able to do double the work they were 
capable of in their younger, and better, days : therefore, 
continuous gradients of i in i6, i8, and 20, means, as 
respects private quick trafïîc, the conversion of quick 
trafïîc into slow. On the descent of such inclinations 
horses can only travel with safety at a slow trot, which 
probably subsides into a walk at the turns, and when 
meeting other trafïîc. To ride down a slope of i in 20 
for a long distance is disagreeable, and, as mountain 
roads are required to hâve a hard metalled surface, 
dangerous. 

With a gradient of i in 24 on a mountain road the 
slow traffic of a country would be so well suited that ten 
miles continuous ascent could be surmounted without a 
hait or undue exertion on the part of the draught-animals. 
Such a grade would not reduce quick trafïîc to a walk 
throughout an ascent, and it would permit of horses de- 
scending with safety at 6 to 8 miles an hour. 
It is therefore recommended that : — 
Firstly, — Roads traversing an ordinary level, or un- 
dulating, country to hâve a ruling-gradient of 
I in 30 to I in 35, according as to whether slow 
or quick trafïîc prédominâtes. 
For short ascents i in 20 may be employed sparingly. 
Secondly. — Roads traversing a hilly undulating country, 
or mountainous undulating country with gradients 
varying from an ascending ruling-grade through 
the level to a descending ruling-grade, to hâve 
a ruliYig-gradient of i in 24. 
For short ascents i in 20 may be used, but sparingly. 
Thirdly. — Mountain ascents to hâve a ruling-gradient 
of I in 24. 
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Fourthly. — Whenever it may be necessary to gain 
height in the shortest distance, and for short 
ascents, the ruling-gradient may be i in 20. 

Fifthly. — No gradients upon any complète road 
projected for wheeled-traffic in any situation 
should be permitted to exceed in steepness 
I in 20. 

For roads not inlended for wheeled-traffic, if the country 
is undulating, that is, up and down hill, or if portions be 
level or easy, foot-paths may hâve a ruling-gradient of 
I in 5 ; bridle-paths for horses and baggage-animals 1 in 
10; camels i in 15. 

For long continuous ascents thèse grades should be 
reduced. For foot-paths i in 7^ ; horses and baggage- 
animals I in 15 ; camels i in 16 to i in 20. 

4. Of a section best suited to the trafic, — Ail road 
engineers are agreed as respects the principle which should 
be adopted in forming the cross-section of the carriage- 
way of roads traversing ordinary undulating country ; but 
ail are not agreed as regards the cross-section which 
should be given to mountain roads. This détail is one of 
such importance, that it will béas well togive the opinions 
of various authorities on the subjectof the cross-section of 
roads. 

Although authorities are agreed in principle, yet their 
opinions differ slightly in détail in respect to the form a road 
surface should assume under ordinary circumstances. Ail 
road engineers concur in the one main principle, that the 
surface of a road should be made convex ; that the 
longitudinal centre should be raiscd more or less above 
the edges of the roadway ; they only differ in the amount 
and in the form of the convexity. Mr. Telford says in his 
report on the Holyhead road : — 

" Thirty feet should be allotted to the roadway to be 
formed of one regular convexity.*' 

10 R 
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And in his spécification for the use of road surveyors, 
adds : — 

'* The road is to be thirty feet wide exclusive of foot- 
paths, with a fall of six inches from the centre to the 
side channels/' This is a slope of i in 30. 

Mr. Macadam remaries : — 

*' I hâve generally made roads three inches higher in the 
centre than at the sides when they are eighteen feet wide : 
if the road be smooth, and well made, the water will run 
off very easily on such a slope/' This slope is i in 36. 

Mr. Henry Law*s opinion is, that the cross-section 
should be formed of two straight lines inclined at the rate 
of about one foot in thirty, and united at the centre or 
crown of the road by a segment of a circle having a radius 
of about ninety feet. 

Sir Henry Pamell writes as follows : — 

** With respect to the cohvexity of a road, it should be 
so arranged that it should be slight in the middle. In 
giving a convexity of six inches on a road of thirty feet in 
breadth, the convexity of four feet from the centre should 
be half an inch, at nine feet two inches, and at fifteen 
feet six inches ; this will give the form of a flat ellipsis." 
This slope is i in 30. 

Mr. Mahan, in his course of civil engineering edited by 
Barlow, states : — 

^* This convexity is regulated by making the figure of 
the profile an ellipse of which the semi-transverse axis is 
15 feet and the semi-conjugate axis 9 inches; thus 
placing the middle of the roadway nine inches above the 
bottom of the side channels." 

Professor Rankine says : — 

" The carriage way should hâve aslight rise or convexity 
in the middle in order that water may run off it towards 
the sides ; and for that purpose from 4 inches to 6 inches 
is sufficient.^' This would give a rise of i in 27 to i in 30. 
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Mr. Walker prefers — 

** Two straight lines connected by a short curve at the 
crown/' 

The Roorkee Treatise on civil engineering recom- 
mends — 

** The shape of the road bed should be two inclined 
planes meeting at the centre and rounded off, the fall 
from the centre towards the sides should not exceed ^ an 
inch to a foot, or i in 24/* 

M. Dumas says that in France, where the system of 
Macadam had been adopted, that the rise in the centre 
of a road may «vary from 1 in 25 to i in 50, i in 25 for 
newly made roads, and i in 33 the most convenient 
generally. 

Mr. Kinnear Clark states — 1877 — as the modem 
practice of road surface formation : — 

** The rise of a road at the middle is 3 inches for a 
width of 18 feet. The rule for the rise is to allow i inch 
for every 6 feet in width ; giving a slope of i in 36, 
which is sufïîcient for running off rain-water and leaving 
the roads dry.'^ 

Thus there is no différence of opinion between the 
above-mentioned authorities on road engineering on the 
form which, in principle, should be given to ail roads. 
Nevertheless, there are engineers who do not concur 
in the opinions given where mountain roads are con- 
cerned. Mr. Telford proposed for highland roads in 
Scotland, that the outer edge of such roads should be 
raised 4 to 6 inches above the inner edge. In the 
Roorkee Treatise in the chapter on Roads, an opinion 
is given that — 

" In a road round a hill the cross section should be a 
single slope inclining inwards, with a ditch on the inside ; 
this is to prevent the road being washed away at its 
edge (which often has to be built up) and to avoid the 
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danger, especially in turning a corner, of the passengers 
falling over the précipice/* 

This opinion does not appear to be shared by the 
writer of the chapter on Hill Roads in the same treatise, 
for it is therein stated — 

^' Everywhere in side cutting an inner drain is added to 
a road wider than 1 2 feet ; but the transverse section of 
the road surface is made as nearly horizontal as possible, 
half the drainage falling outwards/' 

But the opinion is concurred in by Colonel Pollard, R.E., 
whose spécifications for new roads projected for the 
province of Rajpootana in 1865, give for hill-side roads 
of 24 feet roadway an inward slope from the outer to the 
inner edge of the roadway of 9 inches, and for a roadway 
of 18 feet a slope of 6 inches inwards. 

Major H. Rose, engineer of the Rawul Pindee and 
Murree hill-road, in a mémorandum published in the 
Roorkee Professional Papers for May 1865, disapproves 
of the inward slope principle. He says : — 

*^ Cross sections are given to show the gênerai form of 
road. In most places it is now higher in the centre 
than at the sides ; when it was first made, and the 
width was only 12 feet, it sloped inwards. From the 
expérience of last season, when the rains were heavy and 
wheeled-traffic considérable, it is évident that the rise in 
the centre is much better than having the highest point 
at the outside, even with a slope of i in 15, which 
it would hâve been difficult to give. In many places it 
was found impossible to keep the surface of the road in 
tolerable order, but where the road had been made with the 
rise in the centre and the earth had settled, it remained, 
comparatively speaking, dry and firm.'' 

Major James Brown, R.E., in his paper '' On the 
Tracing and Construction of Roads in Mountainous Tro- 
pical Countries,'' published in the Proceedings of the 
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Institution of Civil Engineers, 1873-4, when treating of 
the cross-section of mountain roads, says : — 

*'Theslopegenerallygiven to the metalled road-surface 
in cutting along a mountain side is a slope of i in 18 from 
the outside to the inside. It has been objected to this 
slope that it converts the road into a drain, which is eut 
away and becomes impassable in heavy downpours ; and 
in some of the Madras hill roads the slope ryns from the 
inside to the outside. Both Systems hâve their respective 
advantages ; but on the whole the inside slope is préfér- 
able when the cross drains are sufïîciently large and 
numerous, and the side drains rocky or properly protected 
by boulder paving. The usual practice is to adopt the 
outside slope until the drains are ail built and the side 
slopes hâve taken their bearings, when, as a permanent 
arrangement, the road is fînished and metalled with an 
inside slope/* 

In a compilation entitled Notes on Building and Road- 
makingy published at Madras in 1855, third * édition, 
Captain Best, an ofïicer of the Public Works Department 
in the Madras Presidency, says : — 

" On a steep hill-side, the transverse profile should at 
fîrst be a single slope, inclining inwards from the outer 
edges of the road to the face of the hill. The ditch 
should be on the side of the hill, and its waters be carried 
at proper intervais under the road to the outside. As 
thèse roads are usually made half in cutting and half in 
filling, if the slope were made outwards the new earthwould 
be much eut up by the water running over it, but after a 
year or two, when it has become firm, it will be better to 
give the surface of the road a slope both ways in the 
usual manner, but when the road runs down a slope, little 
or no cross slope will be needed.'' 

Virtually, therefore, Captain Best advocates the princi- 
ple of giving mountain, as well as ordinary roads, a 
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cross-section raised in the centre and sloping off on each 
side. 

The Roorkee Professional Papers for April 1877 côntain 
notes on the construction of hill cart roads by F. H. 
Ashhurst, Esq., CE. His opinion is in favour of making 
the road surface curved where the height of the outer 
retaining-wall — if there is one — does not exceed 5 or 6 feet, 
and in ail other places the entire surface to slope inwards 
with an inclination somewhat greater than the longitudinal 
slope of the road. This opinion is a divided one, and 
would necessitate the raising of the outer edge of a 20 foot 
road with a grade of i in 20 more than 1 2 inches above 
the inside edge, to the undoubted discomfîture of the 
traffic. 

In the Roorkee Papers for May 1866 is an article on 
road tracing in South Kanara, by an officer of the 
Madras Engineers. In the plate illustrating his paper 
this officer gives a section of a mountain road on the 
inward ?Iope principle, and he calls it the *^ vicious road 
section.'* 

So far back as the year 1850, in a pamphlet on hill- 
roads containing Principles laid down by Major y. P. 
Kennedy for the guidance of ail persons engaged in con- 
structing the roadfrom Kalka through Simla to Kunawur 
and Thibet, the author, when writing on the subject of 
the cross-slope, says : — 

*' It is well to know that some authorities on this 
subject hâve recommended the cross-slope of roads on 
declivities to run the whole way from the outside verge 
to the inside, whilst others advise just the reverse, and not 
from the centre to each side. The chief object of the first 
recommendation is, to prevent the corrosion of the out- 
side verge by the surface water, and that of the second 
to prevent any accumulation of water in the water tables, 
but they both appear to be most objectionable in prac- 
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tice, as they necessarily throw every carriage off its level, 
and bring an unequal portion of the load on the wheels 
of one side. They also give a longer run to the surface 
waters on the road. No professional man should permit 
so serious an inconvenience to be inflicted on the public. 
His ingenuity ought to provide a remedy of a différent 
kind." 

It is not supposed that Mr. Telford was an advocate 
for the inclined-slope section for ail classes of hill roads. 
He thoroughly approved of the principles and practice 
of road making as laid down by Sir Henry Parnell, who, 
in his treatise, when dealing with the subject of roads in 
mountainous countries, says — 

'* After ail thèse précautions hâve been taken/' allud- 
ing to the necessity for catch-water drains, ** the pré- 
servation of the surface from injury by water should be 
further secured, by giving a proper convexity in the cross 
section, and by making regular side channels. 

'^ Thèse side channels will be formed by the angle 
where the curved surface of the road abuts on the 
foot-path, or other defining boundary of the roadway. 
They will be capable of carrying off a great quantity of 
water without being made in the form of a square-sided 
drain. 

*^ Attention in making the surface of a proper convex 
form is particularly necessary on hills, in order that the 
water may hâve a tendency to fall frorn the centre to the 
sides, in place of running from the sides to the middle of 
the road, which it certainly will do unless the side 
channels are kept below the centre.^' 

The principle of the inclined slope section, the incli- 
nation always towards the hill, appears to hâve commended 
itself to some engineers engaged in the construction 
of mountain roads in India. One of the first so made was 
the Thull Ghat road Connecting Bombay and the Konkan 
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with the high land of the Deccan. This road, construct- 
ed by Lieutenant Chapman, of the Bombay Engineers, 
about the year 1845, had its surface made with the inward 
slope. The engineer, however, soon found that the spéci- 
fication for raising the outer edge of his road 4 to 6 inches 
above its inner edge could not be carried into practice. 
With a road-width of 22 feet, and a gradient of i in 20, 
it was apparent that drainage from the road surface would 
not run directly from the outer edge of the road to the 
inner gutter. The gradient- slope being i in 20, and the 
cross-section slope only i in 40, the drainage would not 
fall into the side drain until it had descended a considér- 
able distance, and of course destroyed, or damaged, 
the surface of the road. Lieutenant Chapman, when 
constructing his mountain road, became alive to the 
necessity of making its transverse-slope at least as steep as 
his gradient. He therefore made the outer edge of his 
road one foot or more higher than the inner edge. The 
principle involved was thoroughly tested on this mountain 
road, and failed. The road has now been given the 
ordinary transverse convex-section, and the difiîculty 
which was experienced in keeping its surface in an 
efficient condition when formed on the inward incline 
principle, has disappeared. 

Many mountain roads in India hâve been made on the 
transverse inclined-slope principle, and the resuit as 
regards efficient maintenance of the road's surface has 
not proved satisfactory. An engineer of expérience who 
had charge of a large district containing several mountain 
roads, each many miles in length, has stated his opinion 
as follows : — 

" The System of sloping the roadway from the outer to 
the inner edge is faulty, and liable to cause injury to the 
surface from the excess of rain-water made to pass over 
the whole width of the road before it is carried off by the 
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inner channel ; the great slope necessitated in the 
transverse section of the road by this arrangement is also 
a very serious objection to carts proceeding smoothly 
along, and prevents the full width of the road being made 
use of in places where its dimensions are necessarily 
limited. Most of the ghat roads in this district appear 
to hâve been formed on this principle, and their unsatis- 
factory state during the rainy season is sufficient proof 
that it is ill-adapted to roads in localities where such 
a large rainfall takes place, and where the first object 
should be to pass ofï the water from the road surface 
as fast as possible by side channels on each side.'* 

The advocates of the inward inclined-slope for moun- 
tain roads hâve argued in favour of that cross-Section 
as follows : — 

*^ A road 20 feet in width and descending i foot in 20, 
must hâve a barrelled surface section of not less slope 
than six inches from the centre line to each side, to throw 
off the water from its axis to each side at an angle of 
45°, and in practice this barrelling must be increased i^ 
or 2 times to allow for the wear of wheels on the road 
surface. 

" As the section starting from this maximum barrelling 
of centre approaches the horizontal line, the tendency of 
the rainwater to run down the road in the direction of its 
length, and to channel grooves (unless other measures 
of précaution are taken) obviously increases in rapid 
progression. 

" Unless therefore the road {supposed in the first 
instance to be capable of throwing off the rain on both 
sides throughout) be barrelled to a section inconvénient 
in a mountain incline and inconsistent with the provision 
of a metalled surface, it cannot throw off the rain-water 
in perfect safety without the addition of chevron-shaped 
bunds on its surface. 

II R 
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** As it is very improbable however that at any points 
of a road incline, except at those of salient curves, it 
would be found convenient to discharge the surface water 
from the outer side, supported at ail re-entering curves, 
either by made earth embankments or by drystone re- 
taining walls, and as there are reasons for raising the 
outer edge of the road at those very points (salient curves), 
and as further, under any circumstances, the chevron- 
shaped bund would be more liable toinjury thanastraight 
bund, it appears on the whole désirable that (as a rule 
to be deviatedfrom of course under peculiar circumstances) 
the cross section of a road incline should at every point 
dip tnwards towards the hill-side, with a slope sufficient 
of itself to tum off the water from the entire road surface 
to the inner gutter at an angle of 45°, and that -at ail the 
steeper portions of the incline, i in 20 or approaching it, 
the water should be still sooner got rid of by means of 
bunds Crossing the whole road at an angle of say 674° or 

*^ In the case of wheeled vehicles descending a road 
incline, necessarily laid out in a succession of salient and 
re-entering curves, of course the right principle to follow 
in deciding on the road section would be that of the 
laying of the rails on railway curves, which principle 
would, if rigidly adhered to, lead to the raising of the 
outer side of the road in salient curves and the inner side 
of re-entering curves ; but while there can be no déviation 
from this principle in railways, there is no necessity for 
adhering to it in the case of the roads on ghat inclines, 
except as regards raising the outer sides of curves at 
salients ; for at the worst a single runaway cart could only, 
in the absence of the counterslope at the re-entering 
curve, be deposited by centrifugal force in the inner ditch, 
while it is obviously désirable to check as much as 
possible, by the application of a well-known principle, any 
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tendency in a cart to shoot down the précipice by flying 
off at a tangent from a salient curve. 

** The matter may therefore be summed up as follows. 
The disposai of the rainfall nécessitâtes a more or less 
inward dip of the road section, except at particular 
points (salient curves), when the requirements of the 
cart traffic necessitate perhaps even greater inward dip, 
and the fact of this inward dip at re-entering curves 
being in a reverse direction to that required on principle 
to suit descending wheeled vehicles is of no real 
conséquence.'* 

Another engineer, an advocate of the inward slope, 
writes : — 

** It is stated as a reason for sloping the roads to the 
înner edge, that it is to prevent the water which falls on 
the outer half of the roadway, aiding to injure the made 
slope on the off-side. 

** This remark, I présume, applies to roads made with- 
out protection mounds or parapets, but such a section 
I should consider most dangerous and improper. When 
a road is made as it should be, the longitudinal gutter can 
generally be led into the nearest cross drain where provi- 
sion is made for ninning off the water without injury to the 
slopes. But an important advantage has been overlooked, 
viz. that the slope to the inner edge assists in preserving the 
balance of vehicles descending the ghat at a fast pace." 

It is unnecessary to pursue further the arguments of 
those who advocate the inward transverse- slope for moun- 
tain roads. The only really valid objection to the adop- 
tion of the ordinary convex section is that given in the 
Roorkee Treatise, that the drainage inwards to the single 
gutter prevents the road embankment from damage from 
drainage over its outer edge. This, however, according 
to one of the advocates of the inward slope as given 
above, is no real objection. And there can be no doubt 
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that if the outer gutters be led off properly either into 
the cross drains at their mouths, or over places where 
the embankment is solid, of rock or stone, or, if of soft 
material, over roughly laid stone gutters or paving, that 
this objection to the ordinary convex -section is a trivial 
one, and will not hold good after two or three seasons 
settlement of the earthworks. 

The idea of placing raised bunds or mounds of earth 
across the surface of a road intended for wheeled-traffic 
in ordcr to turn surface drainage into the inner gutter, is 
too primitive and barbarous to need the notice of modem 
engineers. 

In theory it was intended that the bunds or water- 
tables should be made each year before the rainy season, 
when traffic mostly ceased, to be removed at its close ; 
but this in practice was never accomplished. For moun- 
tain roads in countries where the rainfall is spread over 
the year, this System could not, in reason, hâve been 
advocated. As roads in India hâve received a graduai 
development from cleared tracks and fair-weather roads 
to roads drained, and bridged, which are traversable in 
wet weather, and the railways hâve there, as in other 
countries, created the demand for travelling, there is now 
much traffic on roads in the rainy season where before 
there was little or none. An engineer, therefore, would 
be sadly behind the times who could advocate at the 
présent day such a System as that above named, by 
which a temporary expédient for aiding the drainage of 
the surfaces of roads during wet weather was absolutely 
necessary for their surface préservation. 

Those engineers who hâve had the charge of mountain 
road maintenance for any lengthof time, and who hâve seen 
the combined effect of traffic, and wet weather, on the 
surfaces of roads formed on the inward incline principle, are 
aware how faulty isthisprinciple, in respectof efficient main- 
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tenance of the surfaces of their roads. The mountain 
road with its outer edge raised so as to cause the whole 
of its surface drainage to fall into the inner gutter, must 
necessarily hâve its inclined surface flat. If curved, the 
outer portion would be either nearly level, or the slope 
would be outwards. It cannot therefore hâve any con- 
vexity — unless indeed the outer edge be inordinately raised 
as respects the safety of wheeled-vehicles — and must be 
flat. Now, if a road when fully repaired and metalled, 
starts with a flat inclined surface, the traffic which it 
carries soon wears its surface into a concave shape. 
This is particularly the case with the inner half of the road, 
because slow traffic always hugs the inner side at the 
salients in cutting off angles, and salients mostly pre- 
dominate in mountain roads, at least in length. The 
road becomes worn, therefore, mostly near the inner edge, 
and the drainage from the outer portion of the road, 
instead of running off freely into the inner gutter, flows 
down the worn concavities, and the road itself becomes 
the gutter. Constant mending will only bring up the 
road surface to its normal flat section, and road engineers 
are quite aware, that to keep the surfaces of their roads 
efficient, that is, as smooth and hard as the nature of the 
surface material used will permit, it is absolutely necessary 
that they should hâve their surfaces convex for the double 
purpose of providing a cushion which by its thickness 
will stand for a considérable time the wear of feet and 
wheels, and which by its convex form will throw off to the 
réceptacles on each side the rain water which falls upon 
them. 

With regard to the other point which has been urged 
in favour of the inward transverse-slope principle, that of 
preventing vehicles from falling over the outer precipitous 
edge, although it is conceded that with a whoUy un- 
protected road some slight degree of safety may be gained 
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in this respect, yet with runaway horses, or other cattle, 
the insurance of safety to the vehicles and their occu- 
pants would be small indeed. It would be greatest with 
slow heavy traffic where the draught-animals had been 
overpowered by the weight of their loaded carts, arising, 
either from their own weakness, or from their indulging 
in a speed they were powerless to control. 

It is, however, out of the question, that enginèers should 
endeavour to counteract one fault in their road construc- 
tion by adopting a second pregnant with so many evils. 
It is essential, that mountain roads in dangerous positions 
should be efficiently protected. A road insufficiently 
protected so as to be dangerous to traffic, in this respect, 
cannot be considered an efficient communication. If 
protection be needed to keep carts from going over a 
précipice, a parapet, or mound, should be erected in 
préférence to the adoption of a device which threatens 
vehicles with the mitigated accident of an upset into the 
inner gutter, and efîectually prevents the road from having 
an efficiently maintained surface, so necessary to reduce 
the tractive-energy required for the ascent of mountain 
roads. 

That there are re-entering as well as salient curves 
on mountain roads is sometimes lost sight of by advo- 
cates of the inner slope. For quick traffic rounding 
sharp re-entering curves on a road surface having a 
considérable cant to the inner ditch, the danger of overtum 
would indeed be constant in making the descent of a 
winding mountain road. It might be préférable to be 
killed outright by going over a précipice, to having legs 
broken, and ribs crushed, in the inner gutter, but the 
choice is really small, because at re-entering angles there 
is always a deep fall into the cross drainage channel. 
Some danger must always accompany rapid travelling 
whether by rail, or road ; but it is the duty of governments, 
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directors, and trustées, and their engineers, to see that 
their roads are safe as respects accidents which might 
arise from defects of System, or construction, and so fall 
within the meaning of " preventible.*' If a road has a 
precipitous fall of ground from its outer edge, it should 
be properly protected. 

The advocates of the inward inclined slope for mountain 
roads are certainly open to a charge of inconsistency if 
they say that two différent sections, the one for hill 
roads, the other for ordinary roads, are both best suited 
for traffic. Both sections cannot be best suited for 
traffic. The one must be better than the other. It is 
admitted, that the road section with level edges, and 
jà slight rise in the centre, is the best for ordinary 
purposes, both for the road and for traffic ; it is impos- 
sible, therefore, that the inward inclined-section can be 
best for traffic on a mountain-side, because vehicles 
and animais are only directly affected by the road 
surface, and hâve no regard to whether a road be in 
a valley or on a hill. The advocates of the inclined 
inward-slope must therefore mean, that the ordinary road 
section is best for traffic on ordinary roads, and the 
inward inclined-slope is best, not for the traffic, but for 
the roads on the mountain-side. They thus admit that 
their road, their engineering work, is their first considéra- 
tion, the convenience of the traffic holding only the second 
place. 

But where, it m'ay be asked, do the advocates of the 
inward inclined-slope draw the line between the two 
sections ? To be consistent with their principles a road 
crossing any sort of side-long ground should hâve an 
inward inclined cross-section, that is, when banked, and 
retained, for it is said outer drainage damages banks, 
and for the safety of vehicles their centres of gravity should 
fall nearer their inner than their outer wheels. However 
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easy may be the side-slope, there is always danger attend- 
ing a cart or carnage getting off a road ; for the sake of 
consistency, therefore, ail roads on sidelong ground should 
hâve an inward slope. If this was followed out in 
practice, only the most level roads would escape from the 
adoption of a road surface made with a transverse-incline. 

The principle advocated in this treatise, and adopted 
in the designs for a mountain road, the resuit of a 
lengthened expérience of both the inward transverse- 
incline and ordinary convex-section, is, that the cross 
section of such road should be the same on the 
mountain-side as when traversing ordinary ground. If 
in a flat, or slightly undulating, country, it is advisable, 
and the usual practice, founded on expérience, to 
make the curbs or edges of a road in the same horizontal 
plane, with the road surface slightly convex, so in 
hilly, or mountainous countries, should a road surface 
be formed in a precisely similar manner. A road is 
made for traffic, not traffic for a road, the road section 
should therefore be that best adapted for the traffic it is 
projected to carry. It is not a correct principle on 
which to found a mountain road design which would 
lead an engineer to consider the interests of his road 
before those of the traffic to use it. His first thought 
should be directed to the practical object of his work, 
which is to provide a roadway having its surface of a 
form most convenient for traffic. 

It will, however, be found under the fifth principle 
treated in this section, that it is a complète fallacy to 
suppose the inward slope principle is the best for the 
road. 

In case it might be supposed that a perfectly flat level 
surface would best suit tractive-energy, and safety, it 
should be understood that during wet weather such a 
section would be obnoxious to traffic. 
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The opinions of authorities on the subject of the best 
cross section for roads hâve already been quoted. They 
differ very slightly as respects the amount of rise to be 
given to the centre of roads. i in 30 is the rise mentioned 
by Messrs. Telford, Law, Parnell, and Rankine ; i in 36 
by Messrs. Macadam, and Kinnear Clark. The slighter 
slope is doubtless well adapted for roads well cared for 
in highly civilized countries, the higher rise better suited 
for roads less favourably situated. 

A cross slope of i in 30 gives a rise of 4 inches to a 
road 20 feet in width, and a rise of 5 inches to a road of 
25 feet width. In making repairs to old roads, thèse rises 
will be found to be sufficient ; but in the formation 
of new roads two inches extra may be allowedwith 
advantage. 

Finished mountain roads with a grade of i in 24 should 
hâve a rise of 5 inches for a width of 20 or 21 feet, which 
would make the cross slope the same as the grade. For 
a 20, or 2 1 , foot roadway with a grade of i in 20, the rise 
should be 6 inches for the same reason. 

There is also but little différence of opinion to be 
found as respects the best form of road surface. Messrs. 
Parnell and Mahan advocate the flat elliptical section ; 
Mr. Telford one regular convexity ; while Messrs. Law, 
Walker, and the Roorkee Treatise, prefer two straight Unes 
inclined at about i in 30 and rounded ofî at the crown. 

This last mentioned plan is not advocated in this 
treatise, for the reason, thât if the sides of a road be made 
flat they will not keep so. This method leaves no cushion 
for wear on the sides of the roads. The segmentai 
section of Mr. Telford is preferred. It is true that with 
the curved-section the nearer a vehicle approaches the 
gutter the more it leans over, whereas with the flat-sided 
road the inclination is the same ; but with a slope of i in 
30 the inclination is slight, and with the curved surface a 

12 R 
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greater breadth of road approaches the level than by the 
other plan; besides, ail coachmen keep as near the 
centre as they can when driving over country roads. 

If a cross-section of an ordinary, or of a mountain, 
road can be devised which will not only be the best form 
for traffic, but also for the préservation of the work itself, 
and for economy of maintenance, then should such 
section hâve the préférence over ail others. The design 
for a mountain road, and for roads in gênerai, herein 
advocated, possesses thèse qualities, and is accordingly 
recommended for gênerai adoption. 

5. 0/ a section best suited for the drainage of its 
surface. — Although a road cannot be made, or even re- 
paired, without water, and occasional rain improves its 
surface, yet heavy or continuous rain falling upon a road 
very soon causes the détérioration or destruction of its 
surface unless its formation is such as to throw off the 
rain water speedily. It is évident, that if the water-shed 
of a road is situated on its centre longitudinal line with 
the rain-water draining off on each side of this line into 
gutters placed on each side ; that such a method of drain- 
age is more speedy, and effectuai, than if the drainage of 
the outer half of the road has to pass over the inner half 
in addition to the drainage which must necessarily traverse 
that half-width. With a road surface formed on one 
incline from its outer to its inner edge, the inner half of 
the road has not only to get rid of its own drainage, but 
also of the drainage of the outer half road-width. The 
inner half-width has already to carry, as shown in the last 
section, more than its half share of the traffic, and in ad- 
dition it is scoured by a double amount of drainage. The 
inclined road is, therefore, subjected to a most unequal 
treatment of its surface ; for its outer half-width has to 
carry less than half the traffic, and to be washed by only 
half the drainage crossing the inner half-width. The 
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cross-section of a road which slopes from its centre to 
each side is, therefore, that which is best suited for the 
drainage of its surface. 

6. Ofa section best suited to economy of maintenance, — 
Whatever may be the section of a mountain road, that 
sectional surface must be subjected to the wear and tear 
of the wheels of vehicles, and of the armed feet of draught- 
animals. If the section be incHned inwards, no cushion 
of métal to receive the wear and tear can be placed 
in the centre, or on the sides of a road, otherwise the 
drainage would not pass over it. The road with this 
section must be straight on the surface with an incline 
inwards, and it can only be repaired as it becomes worn 
below its original straight surface. To be kept in order, 
directly the road is worn to a curve to its original chord, 
it must be mended, otherwise the road surface drainage 
would not leave the road, but would convert it into a 
gutter to its certain destruction. When the road has a 
section like any ordinary road raised in the centre and 
sloping off to each side, it can be properly repaired as 
one opération in one, two, three, or more years, and after 
this it only requires mending. The inclined flat-section 
never can be properly repaired to withstand the traffic, 
consequently, it never can be kept in good order, no 
matter how constantly it may be mended. It is always 
below par. When heavy rain falls it is seriously damaged. 
Such a road not only requires to be maintained, but also 
to be re-made in parts yearly. The ordinary convex- 
section therefore is best suited to economy of mainten- 
ance. 

7. Sufficiently hard on the surface to carry the traffic 
without breaking up, — If the surface of a road is not 
made, and repaired, with a material sufficiently hard to 
resist crushing under the wheels of loaded vehicles, or if 
the surface material is not laid at the proper season, and 
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in a proper manner, it breaks up into holes, and wheels 
penetrate into the softer material below of which the 
road embankment may hâve been formed. Loose métal 
lies on the road which is worn into, and ground by, the 
wheels of every passing vehicle. The loose métal is 
speedily rounded at the edges, and becomes unfit for 
future use. The tractive-power required for the transit 
of wheeled-vehicles greatly increases. To ensure a 
good public road it is therefore necessary that it should 
hâve a surface sufficiently hard to carry the traffic with- 
out breaking up. 

8. Well drained longitudinally , — If a road is not well 
drained longitudinally, it becomes flooded during heavy 
rain, and must under such circumstances be much 
damaged. However flat a country may be, the longitudi- 
nal section of a road should not be made level, otherwise 
the drainage would not run off. Side gutters and drains 
must be given some fall. But as a country, however flat 
it may appear to be, is seldom or never level, there is no 
difficulty in giving a fall to longitudinal drains. Road- 
side water channels should be made sufficiently capacious 
to carry the amount of water which is liable to flow into 
them during heavy and continuous rain. To avoid making 
them too large, they should be tumed ofï every now and 
then into the outside catch-water drajns, into the cross- 
drains, or on to falling ground on the lower side. Catch- 
water drains are always to be eut on the up-hill side of a 
road to catch and turn away from the road into the 
cross-drains the drainage of the higher ground. In fact, 
the road-side drains are not intended to convey more than 
the drainage of the road half-width, plus the drainage of 
the ground which lies between the catch-water drain and 
the side-drain itself. 

If on inclines the velocity of the drainage water is 
greater than the nature of the soil will withstand, the side- 
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drains should be roughly paved. If owing to the length 
a side-drain may hâve to convey drainage before it can 
get rid of it causes a too excessive friction of its bed, and 
sides, small bunds or cross-walls may with advantage be 
built across it at intervais. 

The method of drainage adopted in the designs for a 
mountain road is fully shown in the plates, Chapter V. 
The rain-water drains off from the centre of the road to 
each side. The inner gutter is three feet in width by one 
foot in depth. It has to convey the drainage of the half 
road-width, and also that of the ground which intervenes 
between the catch-water drain, on the hill-side above, 
and itself. The inner gutter is large enough to carry the 
accumulations of drainage from considérable lengths of 
the road. This is necessary, as the cross-drains occur 
only at the ravines and dépressions on the hill-side. The 
dimensions given for the inner gutter will generally be 
found to be sufficient. The outer gutter is 9 inches in 
width, and 3 inches in depth. It has only to carry the 
drainage of the half road-width, and this, it will be seen 
from the designs, is not to be allowed to accumulate. 
On straight lengths the outer drainage running down the 
gutter is intercepted by stones placed across it every 20 
feet, which answer the double purpose of shooting the 
drain-water through drainage-holes in the parapet or 
bank, and of acting as guard-stones to prevent the 
gutter being damaged by cart wheels. At re-entering 
curves thèse outer gutter guard-stones should be placed 
doser together as the traffic always hugs the inner curve. 
At such places the stones should be about 4 or 5 feet 
apart. There will be no difficulty in carrying off the 
drainage at thèse short distances at re-entering curves, 
because there are always cross-drains at thèse curves, 
which are, of necessity, protected by parapets of masonry. 
The drainage therefore is conveyed over stone-work 
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which is not injured thereby. If road-banks are of soft 
material unable to withstand the wear from the drainage- 
holes placed every 20 feet or so, open stone gutters can 
be laid down the banks, or the water can be run off into 
the mouths of the cross-drains on the lower side. When 
protection is afïorded by mounds of earth revetted 
inside, such mounds can be curved to terminate at each 
outlet. 

9. Bridged and drained iransversely, — It is necessary 
that every road, and particularly every mountain road, 
should be provided with a sufficient cross-drainage. 
With insufficient cross-drainage an ordinary road is 
flooded during heavy rain, and its surface is damaged ; 
a mountain road is destroyed. The cross-drainage must 
be sufficient in the number and sizeof the drains, culverts, 
and bridges, to carry under the road the whole of the 
drainage of the land or mountain above it from the nearest 
watershed. And this drainage should be ample enough 
to prevent the upland drainage from accumulating to a 
degree to threaten an inundation of the road. 

Drains may be classed as one or more waterways 
within 10 feet span capable of being covered in with 
stône slabs, wooden, or iron, girders. 

Culverts may be classed as one or more waterways 
from 10 to within 20 feet span, arched, or covered with 
girders. 

Bridges provide waterways of 20 feet span, and up- 
wards. 

Cross-drainage works should hâve their floors placed 
on the natural ground, and should not, for apparent 
economy's sake, be raised up into the road-banks. 

If the subsoil be soft, the drainage work 1 should be 
built on a bed of concrète laid completely across the 
soil under the whole work. 

On the mountain-side the beds of the cross-streams 
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are nearly always hard enough to withstand the scour. 
If not sufficiently hard, the floors must be paved. 

As long as mountains exist, so long will rocks, and 
stones, and débris, loosened by the action of the élé- 
ments, continue to fall down their slopes. No engineer- 
ing Works can put a stop to this weathering action on 
the summits, and sides, of mountains. The descent of 
débris mostly takes place in the ravines where the action 
of flowing rain water is the most potent, and where it 
is induced to collect by gravity. It is incumbent, there- 
fore, to guard the cross-drains, and culverts, from the 
blows they mighf receive from falling stones and boul- 
ders. For this purpose, as will be seen in the designs, 
shallow wells, or pools, are made on the up-sides of the 
drainage works in which to catch falling masses, and 
débris. 

For roads not furnished with cross-drainage works it 
is necessary to provide for the flow over them of the 
upland water. This is frequently effected by means of 
paved-dips ; that is, the road gradients are depressed 
at the cross-streams, and to préserve their surfaces from 
destruction they are paved up to flood-level. This 
System is not advocated ; for unless the paved-dips be 
so strongly constructed that they cannot be damaged by 
rushing water, and the wheels of heavy vehicles, they 
soon break up, and the loosened stones leaving deep 
holes the dips become impassable for wheeled-traffic. 
If the dips are built of sufficient strength, the masonry of 
which they are composed might with greater advantage 
be concentrated in a proper drain. 

On ordinary roads where the expense of drains' can- 
not be afïorded, the arrangement shown in Plate IL is 
recommended. A 2 foot masonry-wall, or a 3 foot dry- 
wall, the former preferred, is built outslde the roadway 
on the lower side, and the surface of the dip is metalled 
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to high-water level. The drainage water flows over the 
dam, and causes but little injury to the dip, as the dam 
wall holds up the roadway, Very slight repairs keep suc h 
dips in order. 

On mountain roads dips of this construction will not 
answer without fréquent repair, owing to the velocity of 
the flow of the cross-drainage, Such roads must be 
provided with either drains, or paved-dips, and for the 
reason given above regarding the want of stability on the 
part of paved-dips, ail mountain roads should be pro- 
vided with properly constructed cross drainage works. 

lo. Well protected. — Ail roads should be protected, 
but mountain roads which are unprotected can only be 
classed as dangerous communications. People travers- 
ing unprotected mountain roads must hold themselves 
liable to accident, and even destruction. Not a year 
passes away without many fatal accidents occurring 
owing to the unprotected state of mountain roads. Bad 
drivers, rotten reins, décrépit vehicles, unquiet or weak 
animais, and nervous horsemen, will be met with till 
the end of time. In each instance, in every yard of 
an unprotected road, is a danger encountered. Great 
skill can conquer many dangers. The Swiss Diligence 
driver, who with a pair of horses to his laden and 
cumbrous vehicle takes his weighty charge at a trot 
down the St. Gothard Pass from Andermatt to Airolo, 
which Alpine road winds in serpentine form down the 
ravine into the valley with a sharp semi-circular zigzag 
every one or two hundred yards ; whose banquette and 
coupé passengers hold their hearts in their mouths as the 
pondérons machine roUing round each sharp zigzag curve 
the pole-hook almost grazes the protection stones ; this 
wondrous coachman, from force of habit which engenders 
self-confîdence, conquers on each occasion the dangers 
of an only partially protected mountain read, the lives of 
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twenty people beîng dépendent on his skill. As ail tra- 
vellers do not possess the science, and nerve, of the Alpine 
coachman, neither can hired, or even private cattle be 
depended upon like the Swiss post-horses, so the pro- 
tection which is sufficient for the mountain Jehu is in- 
sufficient for the travelling public. 

The Alpine road protection is really little better than a 
device to give a sensé of protection ; but if the upright 
stones which are set up at road edges are large, and 
closely placed, a protection somewhat real can be obtain- 
ed from the system. Blocks of stone, of not less than 
2^ to 3 feet in height, and set with not more than 3 
feet between them, do afford a fair protection on a moun- 
tain road not very precipitous at its outer edge : and there 
is an advantage attendant upon the system, that protected 
in this manner no outer gutter is necessary, for the 
drainage passes over the bank in every direction, and 
after the first year, or two, but little damage occurs to 
the banks from this cause. 

The proper amount of protection required for the 
dangerous portions of a mountain road is best obtained by 
stone parapets, and earthen mounds. Parapets should 
not be less than three feet in height, and if of masonry, 
of i^ feet in thickness. 

If stone parapets be built dry, they should be at least 
2 feet in thickness, and the coping should be set in 
mortar, otherwise they are too easily damaged, and 
cartmen halting on the road, and desiring to scotch the 
wheels of their vehicles, invariably resort to them for a 
stone for the purpose. Next in order of protection 
afforded by the use of stone may be mentioned the 
plan of placing large blocks of rough stone and boulders 
on the edge of the road, and touching each other. If 
of good size, and well set, considérable protection is 
afforded by this method, which is cheap. Dry stone 
13 R 
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parapet vvalls shoul.d never be employed if masonry walls 
can be afforded, and should on no account be used 
at precipitous salients. Parapets protect ail embankments 
of a road which hâve stone wall revetments, and the outside 
of ail whole cuttings in rock. They are also built on 
each side of the road at ail cross drainage works, and 
can be adopted at ail situations where stone is available 
from cuttings. Where the embankments are of earth, 
earthen mounds, as shown in the designs, are to be 
preferred on the score of economy. Thèse earthen 
mounds should not be less than three feet in height, and 
they are best formed, both for appearance and for their 
own préservation, by being revetted with dry-stone 
inside. Earthen mounds constructed in this manner 
aflford the most secure protection for traffic, as, if well 
rounded ofî on the outer side, they do not yield to any 
concussion however violent. 

Wooden railings should never be employed to protect 
dangerous places on a mountain road. They alïord no 
real protection to the traffic, but only give a sensé of 
protection to passing vehicles which do not come into 
collision with them, and show to unexcited animais that 
the way is barred in their direction. 

Besides the protection so necessary for the safely of 
the travelling public, the roads themselves require pro- 
tection at their edges from passing vehicles. Cart vvheels, 
if not prevented from hugging the very edge of a road, 
and from slipping either from design, or accident, into 
the gutters, do great damage. Curb-stones get forced 
out of their places, and if one be displaced, others soon 
foUow, to the destruction of the road-edge as well as of 
the gutters themselves. Thèse become blocked with 
loose stones, and when rain falls, greater destruction to 
the road ensues. It is necessary, thercfore, to protect 
the edges of mountain roads when they are likely to hc. 
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damaged by wheel-traffic, which occurs chiefly at the 
inside of salient, and outside of re-entering, curves. 
Guard-stones about 9 inches cube should be placed 
every 4 or 5 feet apart at the curbs clear of the gutter 
on the hill-side saHent curves. The re-entering curves 
must also be protected on the inner curve, which is the 
outer side of the roadway, by means of- similar guard- 
stones, which, however, in this situation, are set up in the 
gutters themselves. This has already been explained, 
and will be seen in the plates. 
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CHAPTER V. 



INSTRUCTIONS FOR THE SURVEY OF A 

MOUNTAIN ROAD. 

General Instructions — ^Examples of Moxwtain Roads — ^Division 
INTO Single Ranges — ^Example with Detailed Instructions — 

ReCONNOITRING SUMMIT PaSS — FiXED PoiNT — PROCEDURE WHEN 

MORE THAN ONE FiXED PoiNT — EaSIEST LiNE — ^TrACE CARRIED DowN- 

HILL — EfFECT of TRAQNG Up-HILL — SURVEYS SCALES — RULING- 

GRADE — TrEATMENT OF RaVINES AND SaLIENTS — RULES — GrADE 

Pegs — Tunnels — Evils of acute-angled Zigzags — Curves — 

LOSS of HeIGHT — ExAMPLK — LeVEL portions WHEN JUSTIFIEZ) — 

Rock cutting — ^Différence in character of Moxwtain Slopes — 
Trees — Water — Camps. 

When a project for a mountain road îs determined 
upon, it is necessary that the engineer to whom the 
duties connected with the survey may be entrusted should 
receive instructions for his guidance. Although the 
physical conformation of mountain ranges varies, like ail 
Works of nature, indefinitely, and individual characteristics 
may need to be observed, and dwelt upon, yet it is 
advisable an engineer should be fumished with some 
gênerai, in addition to any detailed, instructions, arising 
from peculiarities whether in respect of the country to be 
traversed, or in the traffic to be accommodated. 

A projected road may hâve to be carried over one or 
more ranges of mountains, as, for example, the road from 
the Syrian coastto Damascus, which crosses the Lebanon, 
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and Ante-Lebanon, ranges of mountains, the culminating 
pçaks of which rise 9,ock) feet in height, the two ranges 
running parallel with each other with a deep valley be- 
tween them : or again, as the Hindustan and Thibet road 
which has been carried over the Himalayas some 200 miles. 
It is, of course, more difficult to trace a road over several . 
hill ranges than to run a Une over a single mountain. But 
mountains of this class are capable of division into single 
ranges which must, of course, be treated together asagroup 
so far as the gênerai direction of the road is concemed, 
but which may be dealt with in détail after the manner 
about to be described in relation to a given example. 

Take, for instance, a mountain range some 4,000 feet 
in height at the culmination of its summit-ridge, and 
2,000 feet in height at its ridge-gorges, up, and over, 
which it is desired to construct a road for wheeled- 
traffic. The instructions for the survey of such a country 
for the purpose of tracing out a line suitable for a road 
would assume a character somewhat as follows : — 

Instructions for tracing out a line for a road lo connect 
A and B towns, situated on opposite sides of a mountain 
range, the summit of which is front 2,000 to 4,000 feet 
above the towns A and B, 

1. The engineer should in the first place consult the 
best map of the country which he can obtain in order to 
enable him to form some idea of the positions of the towns, 
distances, and direction of the mountain range. He may 
possibly be able to ascertain from a map the positions 
of the principal spurs of the mountain range, and the 
direction of the streams flowing therefrom. He will be 
able to note the several positions with référence to the 
points of the compass. 

2. The engineer should reconnoitre on horseback, 
or on foot, the mountain country lying between the two 
places it is desired to connect by a road. After a complète 
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examination of the whole ground of the range, with its 
subsidiary spurs and valleys, on each side of the direct 
Une, the point which first requires settlement is the 
dépression, or saddle, in the mountaln ridge over which 
it is désirable the road should be carried. The lower 
the saddle, or pass, on the summit of the range, the shorter 
will be the road as respects height to be ascended. 
Whether, or not, a line taking the lowest pass will prove 
the shortest road is to be determined by an examination 
of the déviations from a direct line it may be necessary 
such a road, from the run of spurs and valleys, would be 
compelled to follow. The reconnoissance of the country 
will, in ail probability, be sufficient without a survey 
to enable a décision, as respects the pass to be selected, 
to be formed : that is so far as a trial-line, which must be 
surveyed, is concerned. It may in subséquent proceed- 
ings be found, that owing to varions causes, amongst 
which may be named the occurrence of more than one 
fixed point in the line, the extrême precipitousness 
of the mountain-side, or the want of room for a 
circular bend, or turn, where a zigzag would otherwise 
occur, that some neighbouring saddle in the mountain 
summit situated at a somewhat greater height offers 
superior advantages. Any change in the choice of the 
summit-pass, or gorge, through which the road is to be 
carried, will follow after the trial-line from the first 
selected saddle has been run, and failed. 

3. The trial-line for the mountain road-trace may be 
run expeditiously, and with sufficient accuracy, by means 
of a De Lisle's, or Abney's, clinometer, or other instru- 
ments of a similar character. The reconnoissance of the 
country, and the trial-trace form the preliminary opéra- 
tions, and the time occupied upon them will dépend upon 
the skill of the engineer, and his natural and educated 
powers ot observation. 
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4. The trial-line for the road should start from the 
summit of the pass selecUd and be carried downwards. 
The line is on no account, with the exception to be men- 
tioned hereafter, to be run up-hill. 

5. The trace for the mountain road should be carried 
from the fixed point selected, as mentioned above, at tjie 
summit of one of the passes, or gorges, in the mountain 
ridge. It may happen, that owing to a too precipitous 
fall on the side of the mountain, or to the sudden termi- 
nation of the upper feature, or slope, of a spur, which 
thus will not afîord a sufficient length of line to permit of 
the trace reaching the lower feature of the same spur, or 
from the direction of the spur itself, that it may become 
both advisable, and practicable, to carry the trace over a 
conveniently situated saddle or ridge, of the same or 
another spur from the main range, and so to descend on 
its reverse side into another valley. In such a case the 
lower subsidiary saddle would become a second fixed 
point, and this opération might be repeated a second 
time, or oftener, on each occasion creating the difficulty 
of adding a fixed point to the line of trace. Such a 
complication will require skill for its unravelment ; for 
suppdsing the grade of the road to be fixed, allow- 
ing but little latitude in the direction of easing the 
gradient, and none in the opposite direction, it may be 
found to be very difficult to reconcile to a trace the 
adoption of two or more fixed points. The mountain 
itself will afford some scope towards the necessary re- 
conciliation, because if the fall be too great between the 
two saddles for the length which can be obtained be- 
tween them — stretched out though it be by adopting, in 
place of easy, the sharpest minimum, curves — the upper 
saddle may be eut into, or even in an extrême case tun- 
nelled, and the lower saddle may be embanked. The 
easiest line to trace is where from the one fixed point on 
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the mountain-top a single favourable spur, thrown out 
from the main range in the direction in which it is desired 
the road should foUow, and which, sloping evenly and 
free from impracticable précipices, or deeply indented 
and sharp re-entering ravines on its side, gradually 
merges in the valley at the foot of the range. A line is 
difficult to trace, and détermine, where it has to be car- 
ried by two or more fixed points ; where the mountain 
side is 'precipitous and irregular in its slopes ; where 
much rock is at the surface ; where it has to follow 
ground that is inaccessible until some heavy work 
has been undertaken ; where the line cannot be marked 
horizontally on the cliff side, and can only be run verti- 
cally over the precipice-top, which may be an enormous 
height above the located line, instances of which hâve 
been numerous in the caâons of the Sierra Nevada and 
other mountains traversed by road, and railroad, in 
America. 

6. It is stated in instruction 2, that the mountain 
trace should be carried downwards, and not upwards. In 
carrying the line downwards the engineer, tied by his 
ruling-gradient only, is able to ease off his grade even 
to level, and so, with favourably formed spurs before him, 
he can run down into the valley and carry his road, owing 
to the easy toe slopes of mountains, in various directions, 
and if not exactly, still, ordinarily, very close to his 
objective-point below. He is soon able to form a junc- 
tion between his mountain trace and any road which may 
hâve previously been made to connect the valley town, 
or village, with other inland towns, or seaports. When, 
however, there are two fixed points on the mountain-side, 
after trial it may be found more convenient to make a 
junction somewhere between the two fixed points, not at 
the second fixed point. To do this the trace should be 
carried upwards from the lower fixed point to the position 
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in which it may be désirable to unité the upper with the 
lower trace. 

To attempt to trace a mountain road from a fixed 
point below the mountain would be, in almost every case, 
a fatal proceeding. The engineer would very often hâve 
to foUow his line blindly, and, at last, as he approached 
the steeper upper slopes of the mountain he would, in 
ail probability, find himself floundering hopelessly in the 
steep head of a ravine between a spur and the main 
range, with the desired exit far above or below him, and 
out of the reach of his skill to attain without resort to an 
acute-angled zigzag. To survey upwards is to court 
failure. 

7. For the methods of survey ing and tracing out the 
line for the road, the engineer is referred to Chapter II. of 
this treatise. 

In addition, however, to the survey and section of the 
road trace, it is désirable and generally necessary, that 
the country adjoining the line should also be surveyed. 

An index map of the country should be prepared from 
the best maps obtainable, and a survey made of the hills 
and valleys traversed by the road. 

If the engineer is entrusted with the whole work, with 
the construction of the road as well as its survey, and the 
project has not to be submitted to any higher authority, 
the survey of the country is not an absolute necessity. 
But if the project is required to be examined, and passed, 
by higher engineering authority, and by a Government, 
or other public body, it is necessary that the survey 
should be made. A chief or consulting engineer can, 
from an examination of the survey map, together with the 
longitudinal and cross sections of the trace made by a 
subordinate officer see, whether, or not, déviations from 
the line are practicable, as well as advisable. He may 
wish to reduce or even steepen some of the gradients, 
141^ 
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and he is able to do this from an investigation of the 
plans, if accurate, without a personal knowledge of the 
ground. 

8. For an ordinary road, or for any portion of a 
mountain road which may traverse a slightly undulating, 
or easy, country, the foUowing scales for survey plans, 
and sections, will be suitable : — 

Sketch map Local map scale. 

Index map i mile to an inch. 

Survey map ôoofeet „ 

. ,. , r Horizontal, 600 feet to an inch. 

Longitudinal sections -i Vertical ao feet 

Cross sections 10 to 20 feet „ 

For a hilly, or mountainous, country, theundermentioned 
larger scales should be used : — 

Sketch map Local map scale. 

Index map 600 to 1,000 feet to an inch. 

Survey map 200 feet „ 

. ,. , r Horizontal, 200 feet 

Longitudinal sections [^^^^^ ^ ^^^ 

Cross sections 10 to 20 feet „ 

9. In the example given as an illustration, the moun- 
tain range is stated to be 2,000 to 4,000 feet above the 
towns A and B. It is necessary to consider the probable 
length of the ascending and descending portions of the 
road. The mountain ridge is undulating, or serrated, for 
the peaks of the ridge stand 2,000 feet above the ridge 
dépressions or gorges. The engineer will, of course, 
carry his road over the lowest pass he can find in the 
mountain ridge which may be conveniently situated as 
respects the direct line, or line he wishes to follow. If B 
town is on the inland side of the mountain, the élévation 
of the mountain above B will be generally less than above 
A. The ascent therefore from A to the summit of the 
mountain will be longer than the descent to B, The 
height to be ascended is, therefore, about 2,000 feet. 
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The ruling gradient for the road is fixed at 1 in 24. 
The rise in a mile horizontal at this grade is 220 feet ; 
in 9 miles, 1,980 feet. The horizontal length corres- 
ponding to an élévation of 2,000 feet at i in 24 is 
therefore 9 miles ï6o yards. The actual length of the 
road 9 miles 1 74 yards : so that, supposing the ruling- 
gradient is the gradient of the whole road, the ascent of 
the mountain will be 9 miles 174 yards. It will not be 
shorter, but may, and probably will, be longer. The toe 
slopes of the mountain are likely to be so easy that the 
lower portion of the road may be given easier gradients 
than I in 24 without any increased length to the ascent ; 
but this is not always the case. It entirely dépends 
upon the run of the line as respects slope, and direction 
of the upper part of the road. The road would be not 
less than 9 miles 1 74 yards in length ; but as it is not to 
be supposed an exact gradient could, by the most skilful 
engineer, be carried from the mountain summit to a fixed 
point below, the road would, in ail probability, be some 
10 or II miles in length. 

10. In tracing his line the engineer should be careful 
how he treats the heads of sharp angular ravines. He 
should détermine where the culvert or bridge should be 
built, and will do well to carry his line across on the 
level. Such a method of procédure has a double advan- 
tage : it allows the engineer who may hâve to construct 
the road some latitude as to the position he may finally 
détermine upon for his masonry work, and it also secures 
the easier gradient round a sharp curve which it is so 
désirable a first-class road should possess. 

In like manner, in tuming sharp salients on the hills 
which may hâve to be eut through to obtain even the 
minimum curve, it will be as well to carry the road 
surface plane through on a level instead of on the grade. 
If carried through on tl e grade, the engineer who has to 
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build the roâd bas no latitude left him to flatten his 
curves should he désire to do so. 

The following rules are laid down for the guidance of 

the engineer when ranging or marking out his line, which- 

■ 

ever method of survey be adopted, taking the ruling- 
gradient at i in 24 : — 

1 . Ail straight or slightly curved reaches to be laid 
out at I in 25, equal to 4 in 100. 

2. At re-entering angles where a drain, culvert, or 
bridge would occur, the Une to be taken across level. 

3. At sharp angled salients the chord of the curve to 
be taken through on the level. 

4. At less prominent salients the chord of the curve 
to be taken through at 3 in 100. 

5. At easy salients the curve to be carried round at i 
in 26. 

Thèse rules may be followed with advantage by the 
experienced engineer. The inexperienced engineer will 
do well to flatten his grades still more, otherwise his 
finished road will be sure to work out steeper than his 
ruling-gradient. 

11. Where gradient pegs or nails are fixed in the 
whole length on the horizontal method of survey, and 
where the grade-plane enters into, or émerges from, the 
mountain slopes and spurs on the vertical method, such 
grade pegs should, where possible, hâve their heads on 
the surface of the ground, additional pegs to mark the 
points being placed by their sides. 

12. For mountain roads generally no tunnels can be 
allowed. They are too costly. Tunnels can only be 
permitted on first-class mountain roads under exceptional 
circumstances. If a tunnel would shorten the road by 
a length the cost of which being saved would pay, or 
nearly so, the extra cost of the road through the tunnel, the 
construction of the tunnel would be justified. The saving 
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in tractive-energy to the public using the road would, in 
mbst cases, be a saving too indirect to be imported 
into the calculation. 

13. No acute-angled zigzag to be allowed. This ex- 
pédient of unskilful engineers is absolutely prohibited. 
It is one which bas been resorted to in the construction 
of numerous mountain roads, and of some mountain rail- 
ways. It is an expédient which often displays the want 
of resource of those engineers who hâve resorted to it on 
their roads. For railroads its adoption may, in a few out 
of many instances, hâve been justified. It is even a greater 
hindrance to traffic on a railway than on a road, and is 
expensive to work. An acute-angled zigzag on a road 
obliges the traffic to reverse its direction without affording 
it convenient room for the purpose. The conséquence is, 
that with slow traffic a single train of carts or waggons is 
brought to a stand ; while if two trains of vehicles travelling 
in opposite directions meet at a zigzag, a block ensues. 

Many old mountain roads, such as the descent of the 
St. Gothard pass on the Alps into Lombardy, hâve been 
made on the zigzag principle. There are other objec- 
tions besides those already stated to this principle. 
In an ascent of a mountain by a séries of zigzags, 
even if those on the lower slopes can be rounded off 
to a minimum curve, as the road reaches the higher 
and steeper slopes little or no room is afïorded for 
a tum which will not reverse the traffic. The zigzag 
is an expédient for gaining length with référence to 
the gradient and rise, but it also involves a gaining of 
length to the road for which there is no necessity or 
compensation ; for the progress made by a zigzag road 
in the direction to be travelled is almost nothing. At 
each tum the horizontal distance gained towards the 
ultimate destination of the road is cancelled by the next 
length traversed. By following one or more spurs with 
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a line free from zigzags leading in the direction required, 
the straight horizontal distance travelled is so much 
deducted from the whole direct length to be covered. 

In modem roads in which zigzags often occur, theyare 
generally situated near the top of the mountain where a 
good curve is difficult of attainment, and are so situated 
from the error of the engineer who has not known better 
than to survey up-hill, and finding out his error too late 
has not troubled himself to rectify it by discarding his 
trace regarding it only as a trial-line. 

Lastly, zigzags are dangerous for traffic. In case of a 
runaway down-hill a zigzag must prove fatal. The zigzag, 
or reversing, station on the G. I. P. Railway on the Bhore 
Ghat Incline near Bombay is answerable for the most 
appalling accident which has ever occurred on that line. 
A runaway train ran through the zigzag. 

14. If possible, without going to great expense, no 
curve in the road should be less than 100 feet radius to 
the centre line of the roadway. 

As a literal adhésion to this rule might, and no doubt 
would, in a road traversing an irregular and precipitous 
mountain-side be the cause of an expense it might be 
désirable to avoid, it may be modified so far as the mini- 
mum curves for différent angles which are given in the 
plates of this treatise. Thèse minimum curves may be 
adopted where advisable for the purpose named. The 
flatter the curves the better will be the finishéd road. 

It is to be understood that no angles in the road at 
tums can be permitted under any circumstances, always 
excepting in the streets of towns where angles cannot be 
avoided, either by reason of the value of ground, or by 
the rectangular disposition of the houses and streets. 
The principal streets of towns, however, hâve a greater 
breadth than ordinary roads, which allows ol vehicles 
making a curved sweep round a corner. 
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15. Loss of height is to be carefuUy avoided in tracing 
the mountain road. By loss of height is meant an inter- 
mediate rise in a descending line. If a line falls and has 
to rise again, the road would be so much longer than 
would be due to the height of the mountain by the length 
of the portion of the road intervening between the sum- 
mit of the rise and the point in the road in a level with 
that rise ; a length which is double that due on the gra- 
dient to the height of the rise. For example, if a road 
descending a mountain rises at some intermediate point 
to cross over a ridge, or spur, and the height risen 
amounts to no feet before the descent is continued, 
such a road would be just one mile longer than if the 
descent had been uninterrupted : for 110 feet is the rise 
due to half a mile length at 1 in 24. 

The accompanying diagram will illustrate this case, 
and other points requiring considération : — 



AB is the descending road gradient. An ascent BC 
is made on the same grade to surmount the rise at C. 
The road is thence continued at the gradient down to the 
foot of the mountain at D. An engineer having carried 
his road up to C is no nearer his destination at the foot 
of the mountain than he was at A, so his descent AB, 
and rise BC, h»ave not advanced him. A rise such as 
that to C may be due to a physical conformation of the 
mountain, which may compel the engineer to make the 
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intermediate rise ; but generally this is not the case. 
The necessity of making the intermediate rise, and so 
adding length to the road, anses from the want of skill, 
or from the hastiness, of the engineer. If careful in 
making his trial-lines, he would hâve brought his road to 
C in place of A, where he had no business to find him- 
self. The utmost that an engineer should allow himself 
in such a case is the insertion of a level length, as AC^ so 
as to save traffic from having to ascend the same height 
twice; but in the example given, AC \s nearly a inile 
in length, so the road would still be nearly a mile longer 
than it should be. 

If it was absolutely necessary that the road should pass 
over C, the engineer would hâve been wise if, forced to 
accept the necessity, he had eased off his ruling-gradient 
so as to bring his line direct upon C. 

An engineer having brought his gradient down to A, 
and having to surmount C, and being able to carry his 
line on a level from A to C, might flatter himself he had 
by his own mistake been forced into doing a clever thing. 
He has heard that on mountain roads it is a good and 
proper device to insert level portions in every mile or so, 
to ease the muscles of draught-cattle. But if slow 
traffic travels at two miles an hour — bullock speed — it 
would rest the cattle much more to hait, and unyoke, for 
half an hour, than to trudge on over the level mile. 

The only case which would justify an engineer to im- 
port levels into his mountain road would be where such 
levels would advance the road into the plain below. If a 
level of so many yards, or of a mile, introduced interme- 
diately into a mountain road would carry it so far nearer 
to the town in the plain, then there would be no additional 
length to the whole road. It would simply be exchang- 
ing a level road below for a level line above. If thèse 
considérations are brought to bear upon any spécial case. 
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the engineer will be able to détermine whether, or not, he 
is justified in adding level lengths to his road. He cannot 
be justified in losing height. 

i6. Rock should be avoided as far as possible. This 
instruction applies more particularly to mountains which 
are rugged, and precipitous. Mountains vary in character 
indefinitely. There are many lofty mountain ranges 
which hâve easy slopes, and where slopes are easy there 
is soil to be found overlying the rock. In carrying a road 
over such mountains the necessity for having to eut 
through rock occasionally may be no disadvantage. Stone 
is required for the masonry works on the road, and this 
stone may be as well obtained from the road rock-cuttings 
as from quarries. 

On the other hand there are mountains of no very great 
height which hâve very steep slopes, and which are 
precipitous. Where this occurs there will be a great deal 
of rock, and not much soil on the surface. In such a 
case the engineer should sélect spurs, and slopes, which 
hâve the most soil. The expense of rock-cutting is 
enormous compared to that of earth, or earth mixed with 
stones, and boulders. Rock-cutting also delays very 
greatly the construction of a road. The engineer in 
prospecting for his line will therefore do well to pay a 
particular regard to this point. He will, in most cases, 
find, that there is a considérable différence in the character 
of the ground on opposite sides of spurs and valleys. 

This anses from mountain slopes weathering most 
on the side which is exposed to the prevailing wind 
and rain. One side of a valley exposed to the weather 
may be rocky and bare, while the opposite side, shel- 
tered from winter, or periodical, storms, is covered with 
soil, and présents by far the easier slopes. Again, while 
one side is steep, rocky, and bare, the other may be 
well clothed with soil, and be covered with bushes or 

15 R 
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forest. Timber is useful for many purposes on road 
Works ; for building shelter for workpeople ; for fuel ; 
for making centrings for bridges and culverts ; for pôles, 
levers, handles of tools, and ail descriptions of plant. 
Trees and bushes are also preservatives of a road in the 
tropics. They prevent upper slopes from falling away, and 
slipping ; they give shade, and provide fuel for passengers. 
On the lower slopes they likewise hold the ground at 
the toe of newly formed banks. On precipitous roads 
they afîord a natural protection, and, finally, they make a 
road picturesque. In temperate climates, where rain 
falls throughout the year, trees which shade a road 
prevent its drying when wet, and are objected to on this 
account. 

17. The engineer should be careful in selecting his 
line to see that water is obtainable at ail seasons, either 
close to, or within easy reach of it. The length of the 
mountain road will détermine the number of points at 
which it may be désirable to hâve a water-supply. 
Water is not only needed by the workpeople and for 
the Works during the construction of the road, but it is 
very necessary, if the road exceeds fîve miles in length, 
that there should be a water-supply for the trafïic, espe- 
cially during the hot weather. With a little ingenuity 
the water from springs above the road, if such exist, 
can be led down to drinking fountains for men, and to 
troughs for animais. 

In a tropical country it would be a matter for serious 
considération if the best line for a mountain road ten 
miles in length or upwards, but without water, should not 
be abandoned in favour of a worse line with a water- 
supply available. 

The engineer should take care to provide convenient 
halting places for the trafïic at intervais on his mountain 
road, should it exceed five miles in length. Advantage 
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should be taken of any plateaux which may occur conti- 
guous to the road, and access to them for both up and 
down traffic should be made, not only easy, but inviting, 
to carriers engaged on the line. If this point is not 
attended to, the carriers will be sure to hait their vehicles 
on the road itself ; and in ail probability, in addition to 
the obstruction thus placed upon the road, they will 
abstract stones from the parapets with which to form tem- 
porary cooking places and to scotch thcir wheels. They, 
of course, never trouble themselves eithcr to replace the 
stones, or to remove them from off the surface of the 
road. 
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CHAPTER VI. 



INSTRUCTIONS FOR THE CONSTRUC- 
TION OF A MOUNTAIN ROAD. 

COMPLETED SURVEY — INSTRUCTIONS — SPECIFICATION — ROAD WIDTH — 

RuLiNG Gradient— Cross Section — Catchwater Drains — Inner 

GUTTER — OuTER GuTTER — GUARD StONES — LONGITUDINAL SeCTION 

— No Angles — Curves — Road in Cutting — Cross Drainage — 
• Catch Pools — ^Three Classes of Drains — Bridges — Retaining 
Walls — Breast Walls — Protection — Parapets — Earth Mounds 
— Inferior Protection — Watershed at Curves— Metalling — 
Dépôts — Milestones — Camping Grounds — Water Supply. 

It is supposed that the engineer has completed his 
survey, and set out his line for the projected mountain 
road. If he has adopted the vertical-method of survey 
throughout, he will nick out the centre line of his road by 
cutting a small trench about six inches in width along the 
line. This trench will not be the actual centre of the 
road, but will dénote that the vertical plane passing 
through it, also passes through the axis of the road. 

If the engineer has traced out his line on the horizontal- 
method, he will either eut a footpath along the line, or if 
the road is to be commenced at once, mark it out with a 
white line. This line will not be the actual centre of the 
road, but will dénote the plane of the road-surface. 

Although it may frequently happen that the engineer 
of a n^ountain road will be expected to be the designer of 
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his own work, and to draw up his own spécifications for 
his road-works, yet in most cases it is probable he will be 
provided with some instructions as regards the width, and 
gradient of the projected road. Instructions limited to 
thèse, and a few other points, can only be regarded as 
partaking of a not unusual, but very meagre character, 
permitting to the engineer a very wide latitude of procé- 
dure. Doubtless many mountain roads hâve been made 
by engineers who hâve received no instructions for their 
guidance, and who, if inexperienced, hâve had to feel their 
way as they proceeded. But even inexperienced engineers 
soon find that they must work on some fixed principles 
to succeed. Instructions for the survey of a mountain 
road hâve been given in a former chapter. It is now 
proposed to give instructions for the construction of a 
mountain road, for the guidance of the inexperienced 
engineer who may find himself placed in a position of 
responsibility from which he may désire, and hope, to 
extricate himself with crédit. The instructions to be 
oflfered are put in the following form : — 

Spécification for the construction of a Mountain .Road, 

with Remarks. 

1 . The road to be 2 1 feet in width from the edge of 
the inner gutter to the parapet, or protection mound. 
This width to include the space which may be required 
on one, or both, sides of the road for guard-stones. 

2. The ruling gradient of the road to be i in 24, i,e,^ 
the slope on the centre line, or axis, of the road is not to 
exceed i in 24. 

Remark. — A gradient of i in 20 has been very generally 
adopted as a suitable ruling-gradient for mountain roads, 
but with, in numerous instances, very unsatisfactory 
results. It will not be going too farto say, that there are 
few, if any, instances of mountain road construction, on 
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which a ruling-grade of i in 20 has been in force, which, 
if of any length, hâve proved to be satisfactory. Where 
the finished road has turned out as well as the engineer 
could hâve desired, the ruling-gradient of i in 20 has only 
been partially employed, and has never been exceeded. 
In numerous cases the ruling-gradient has been, through 
ignorance, or carelessness, constantly exceeded. No device 
of inserting levels at intervais, or even, as some engineers 
hâve recommended, counter-slopes, will avail anything 
towards the mounting by carriage, or cart, of a ten mile 
mountain road having a nominal grade of i in 20. It is 
a satire on the engineers of modem mountain roads that 
the travelling public should often find it expédient to 
substitute human for cattle draught for the ascent of 
thèse roads. 

3. The road surface transversely to be ^onvex, or 
barrelled, on a horizontal plane in ail situations ; i.e,, the 
opposite edges of the road in cross-section are to be level. 
The centre rise to be 5 inches on a grade of i in 24, and 
6 inches for a grade of i in 20 for the 21 foot road-width. 

4. Catch-water drains to be eut on the mountain side 
above the road, to eut off, and convey, the drainage of the 
ground above them to the neighbouring ravines. Thèse 
catch-water drains. Plate IIL^ to be V shaped, with their 
apices on the water-shed of the salients in order to carry 
ofï drainage on each side. The size of thèse catch-water 
drains will be determined by the amount of rainfall, extent 
of drainage from the mountain which they intercept, and 
by the distances of the ravine watercourses on each side. 

5. The inner road-gutter to be 3 feet in width, and 
I foot in depth at the roadside curb. This depth 
may be increased a few inches in the centre of the gutter 
where practicable, Plate IV, 

When in soil, the inner-gutter to be roughly paved. 
Where paving to the inner-gutter is not absolutely 
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required, but it is désirable the scouring action of run- 
ning water during heavy rain should be arrested, small 
bunds of stone should be erected across the gutter at 
intervais in convenient situations. 

Remark, — The inner road-gutter has to carry off to 
the catch-pools of the cross-drains the drainage of 
the half road-width, together with that of the ground 
lying between the catch-water drain and the roadside. 
They are seldom made large enough. When in rock the 
inner-gutter will require no protection from scour. 

6. The outer road-gutter to be 9 inches wide, and 
3 inches deep. This gutter is not to be built, but to be 
a dépression only in the hard surface of the road close 
to the parapet, or revetted earthen protection mound. 
The drainage, which falls into the outer-gutter, and 
which is that of the half road-width only, is to be let off 
through the parapet, or other roadside protection, at 
fréquent intervais. The guard-stones on the outer 
side of the road are to be placed in, and across, the 
gutter itself, just below the drainage-holes, so as to 
turn the current of the drainage into thèse holes, or 
channels. On straight reaches, with parapet protection, 
drainage-holes with guard-stones should be placed every 
20 feet apart. Where earthen mounds are used, and it 
may not be convenient to hâve the drainage-holes or 
channels every 20 feet, guard-stones to be placed in 
advance of the gutter to allow the drainage to pass 
behind them. This drainage is either to be run off at the 
cross-drainage of the road, or to be turned off as before 
by a guard-stone set across the gutter. 

At re-entering turns, where the outer side of the road 
requires particular protection, guard-stones to be placed 
every 4 feet. As ail re-entering turns are to be protected 
by parapets, drainage holes through the parapets to be 
formed as close to each other as may be desired. 
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When guard-stones are required at doser intervais than 
the drainage-holes, they are to be placed in front of the 
outer-gutter se as to allow the gutter drainage to pass 
behind them. 

Remark. — When the rainfall is not heavy, and drainage 
channels through the parapets, or other roadside protec- 
tion, can be made at fréquent intervais, the road falling 
properly to the outer side, an outer-gutter of pronounced 
character is not needed. The drainage falling into the 
outer-gutter is small compared with that of the inner- 
gutter, and it is, moreover, run off at more fréquent 
intervais than can necessarily be the case with the inner- 
gutter drainage. 

7. Wherever the road may hâve to traverse undulating 
ground, the surface formation to be made up to a proper 
longitudinal-section. 

8. No angles at turns in the direction of the road to 
be permitted in any situation. 

9. No angles in any retaining, or breast, walls, or in 
parapets, to be allowed. 

10. As a rule no road curve to hâve a shorter radius 
than 100 feet to the centre of the road. 

1 1 . The road curves shown in Plate V. are to be re- 
garded as minimum curves. 

12. Where the direction of the road is reversed, the 
radius of the curve at the turn to be as long as the nature 
of the ground, with due regard to depth of cutting and 
height of retaining- wall, will permit. The minimum curves 
shown in Plate V. hâve radii of 50, to 80, feet to the 
centre of the road, according to the number of degrees 
contained in the angle. 

13. No acute-angled zigzags to be permitted in any 
situation. 

Remarks. — The expédient of zigzags, or reversing 
stations, is only resorted to by the unskilful. It may 
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occasionally be necessary to reverse the direction of 
a road, but this should be accomplished by a good 
practicable curve, which does not necessitate any sudden 
reversai or break in the progress of a train of carts. 

The method of surmounting a height by a séries of 
zigzags, or by a séries of reaches with practicable curves 
at the turns, is objectionable for three rea^ns. Firstly 
— if the drainage cannot be carried clear of the road at 
the end of each reach, it must be carried under the road 
in one reach only to appear again at the next, when a 
second bridge, culvert, or drain, will be required, and so 
on at other reaches. If the drainage can be carried clear 
at the termination of each reach, the lengths between the 
curves will be very short, entailing numerous zigzag 
curves, which are expensive to construct, and maintain. 
Secondly — with a zigzag road but little progress is made 
towards the ultimate destination of the road. Height is 
surmounted, but horizontal distance is not overcome. 
Thirdly — zigzags are dangerous for traffic. 

14. Where the location of the line will permit, as 
much of the road as possible should be made in cutting. 
In earth, or soft rock, yielding to the pick, the excavated 
material is to be used to form the outer portion of the road, 
and the protection mound or bank required at «the ap- 
proaches to the cross-drainage works at the re-entering 
turns. At steep rocky salients the road to be in cutting. 
In other situations the costof rock-cutting,and of retaining- 
walling, to détermine which is to hâve the préférence. 

Remark. — It is frequently recommended that a road 
should be made in cutting, but this cannot be accomplished 
if the road is properly designed as regards direction, 
slopes, and curves. If thèse matters receive, as they 
should do, the first attention of the engineer, the road 
will sometimes be in cutting, and sometimes on a bank. 
A road may be located to be more in cutting than on a 

16 R 
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side-bank ; but unless every inequality of the ground be 
followed, which would be absurd, a well lined-out road 
must sometimes be eut into a hill, and sometimes be on 
a bank outside. To say that a hill-road should be formed 
on a neutral section throughout would be equally wrong. 
Whether, or net, a road be well and economically laid 
out, will depeod entirely upon the personal skill of the 
engineer. 

15. Cross-drainage to be provided wherever required. 
Cross-drainage to be carried at right-angles under the 
road. 

A catch-pool to be excavated at the head of every 
cross-drain, or culvert, for the réception of boulders, 
stones, and débris, washed down from the ravines above 
during wet weather. 

The bottoms of the catch-pools to be below the en- 
trance-sills, or floors, of the cross-drains. 

As the bottoms of the ravine streams on mountain sides 
are generally rocky, or hard, the catch-pools will usually 
be simple circular well-like excavations made in the 
natural ground. Where the soil is soft, the catch-pools 
should be lined with stone ; if very soft, with masonry. 

The sizes of the catch-pools to dépend upon the widths 
of the drainage- Works. They should be wide enough 
to prevent the masonry drains with their parapets from 
being injured by falling rocks and stones of a not 
inordinate size. 

Remarks. — The System of catch-pools to drains obvi- 
âtes the necessity of having cross-drains built at an 
angle under a road. Cross-drains built obliquely under 
a road are objectionable as being longer than if set 
at right-angles, and by reason of the acute, and obtuse, 
angled terminations to their piers, abutments, and 
coverings. 

The floors of catch-pools are placed below the level of 
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the entrance to the drains in order to catch the débris 
falling from the hill above, which otherwise would injure 
them. 

16. — First class drains to be built : — 

ist, — Of masonry throughout, their outer ends with the 
same slope, and flush with the faces of the dry-stone 
retaining-walls. The inner ends perpendicular. 

2nd. — Of masonry throughout, their outer ends with 
perpendicular abutments, and piers, in order to économise 
masonry. On this design one of the two methods shown 
in Figure 5, Plate IX, ^ to be adopted for forming the 
junctions between the masonry and dry-stone wall- 
facing. 

Note I. — Where the transverse slope is great, so 
much masonry is required for the head-walls over the 
perpendicular exits of drains, which walls are of dry-stone 
in the fîrst case, that the economy of masonry in 
retaining-wall may be cancelled by the surplus in the 
head-walls. 

Second class drains to be built : — 

ist. — Of masonry throughout, exceptihg that if their 
exits through the dry-stone retaining-walls hâve their sills 
above ground, the retaining-walls supporting them are of 
dry-stone. 

Note 2, — Thèse drains are first class when they hâve 
no floors, or sills. 

2nd, — Of masonry sides, coverings, and floors, set on 
carefully laid dry-stone filling, and through the dry-stone 
retaining-walls, their exits being flush with those walls. 

Third class drains to be built : — 

Of dry-stone set on carefully laid dry-stone filling, and 
through the dry-stone retaining-walls. 

Cross drains not to be less than 2 feet in width, 3 feet 
in height at their entrances on the hill-side, and 4 feet in 
height at their exits. 
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Arched drains, or culverts, to be built of masonry on 
the same principles as detailed above for drains. 

Cross-drains on mountain roads usually occur where 
there is rock on the surface, or the ground is hard. The 
floors of cross-drains should be the natural hard surface. 
This has référence principally to first class drains ; for, 
with the second class and third class drains, the natural 
surface of the ground often slopes too much for their 
inferior constructions, and the floors of the drains hâve to 
be built higher upon the filling, with easier slopes. 

When the sills of cross-drains are set up on the retain- 
ing-walls, they should project to throw the drainage water 
clear of the retaining-walls, and slope. On soft slopes 
stone aprons to be constructed below the exits of the 
drains. 

Bridges to be built of masonry. Designs for thèse 
Works, showing the methods of junction of the dry-stone 
retaining-walls with the masonry abutments, and termi- 
nations, are shown in Plate X. 

Remarks, — Mountain roads of importance carrying 
much traffîc, and subjected to a heavy rainfall, should hâve 
first class drains of masonry. Those drains, and culverts, 
which are not so lofty as to make the saving of masonry 
a considération of importance, may, with advantage, hâve 
their exits built to suit the retaining-wall batter : if lofty, 
the terminations will be perpendicular, or with a slight 
batter, and the junction between the dry-stone retaining- 
wall and the masonry will be effected either by short 
retums to the abutments, or by rounding off the dry-wall. 
This remark is subject to the considération in Note i. 

The covering of the sloping drains will be either in 
steps, or on a slope, according to the angle of inclination. 
If built on the slope, the inclination should not exceed 
I in 4. 

Flooring to cross-drains will seldom be required except- 
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ing for second class drains which are not built on the 
ground. 

No rules can be laid down as respects the number, and 
size of the cross-drains which may be required in a given 
length of mountain road. This question dépends upon 
the rainfall, and size of the mountain above the road. 

Generally slab-drains, and culverts, will be found 
sufficient to convey drainage from a mountain-side ' under 
a road. Bridges are only needed when the road crosses 
large ravines, or valleys. 

A zigzag mountain road is an extravagant work as 
Regards drainage works. Not only has ail the cross- 
drainage between two places to be passed under the road, 
but the same streams may hâve to be crossed many 
times. 

For the sake of economy, on unimportant mountain 
roads, the cross-drainage is sometimes carried over the 
road. The road is dipped, or depressed, and is paved. 
The drainage crosses the road at thèse dips, and is 
thrown clear of the retaining-wall by a projecting coping. 
The streams flow through gaps in the parapets. In the 
dry season, in tropical climates, the dips should be filled 
up level with the road with surface material. 

17. Retaining-walls to be built — 

1 . At ail re-entering curves, and where there is cross 

drainage. 

2. On the edge of précipitons places where there is 

no room for a bank. 

3. Where the bank slope and ground slope are nearly, 

or quite, parallel to each other. 

4. Where a bank would be of excessive length owing 

to the angle of the natural ground slope. 

5. Where a wall would be cheaper than a bank. 
Retaining-walls on the edge of dangerous précipices 

having to support great weight to be built of masonry. 
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As a rule retaining-walls to be built of dry-stone. 

Masonry retaining-walls to be at least 2 feet thick at 
top, with a batter in front of i in 6 and perpendicular to 
the rear. The courses should be laid perpendicular to 
the face batter, and be built in properly bonded courses. 
Weep-holes should be provided through the walls, at a 
slope, every 4 feet in every third course, The packing 
behind the weep-holes should be of stone débris. 

Dry-stone retaining-walls to be not less than 3 feet 
thick at top, with a face batter of i in 4, and perpen- 
dicular to the rear. The courses to be laid perpendicular 
to the face batten Each course to be built through thé 
wall with proper bond in respect to itself and the course 
below. Weep-holes are unnecessary unless the walls are 
in very wet situations. 

The filling in behind retaining-walls to be of stone, and 
chips, as far as possible, Little or no earth should be 
used if stone is available. Where earth filling is used it 
should only be thrown in, and left to settle itself. On no 
account should earth filling be wetted and rammed. 
Stone refuse should be packed immediately behind retain- 
ing-walls where any earth is used in the filling. 

The rear line of retaining-walls being perpendicular, 
the setting out of the outer road curves is facilitated by 
the adoption of this line for the road, and parapet, curve. 

Remarks. — Dry-stone retaining-walls are best suited 
forroads on account of their self-draining properties, and 
their cheapness. If thèse dry-walls are properly filled in 
behind with rocks, stones, and chips, they are, if well 
constructed, seldom injured, or overthrown, by pressure 
from behind. If the stone is stratified with a flat 
cleavage, the construction of retaining, and parapet, walls 
is much facilitated. If the stone has no natural cleavage, 
great care is necessary to obtain proper bond. If walls 
built with such stone are of coursed rubble, care is 
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required that the masons do not sacrifice the strength of 
their walls to the face appearance. The practice of 
building walls with square, or rectangular, faced stones 
tailing oflf behind, laid in rows, one course upon the other, 
the rear portions of the walls being of chips, and rough 
stones, set anyhow, cannot be condemned too strongly. 
Such a construction, which is very common, has little 
transverse, and no longitudinal, strength, The passive 
résistance of the mason, stone cutter, and stone supplier, 
to force the use of such stones, and work, should be 
strenuously combated by the engineer. 

Care is necessary in forming the junctions between dry 
retaining-walls with a face batter of i in 4 with the per- 
pendicular masonry walling of the cross drains. The 
junction can be effected in two ways. The masonry 
drain, culvert, or bridge, can be provided with wings 2, 3, 
or more feet in breadth, according to height, having a 
face batter of i in 4 ; or the retaining-walls can be 
rounded ofï to meet the masonry return walls. Both 
methods are shown in Plates IX, and X.y illustrating the 
mountain road drainage designs. 

18. Breast-walls will occasionally be required to 
support slopes above a road which will not stand in cut- 
ting without support. Upper slopes in some soils are for 
ever slipping, and assuming an angle of repose which 
causes blocks on the roadway. In such situations 
breast-walls are necessary. 

If built of masonry, breast-walls to be 2 feet thick at 
top, with a face-batter of i in 4 and perpendicular to the 
rear. They should be plentifully supplied with weep- 
holes, and the courses should be laid perpendicular to 
the face. 

If of dry-stone, breast-walls to be 3 feet thick at top, 
perpendicular to the rear, and with a face-batter of i in 
3, or 4 ; the former for préférence. The courses to be 
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laid perpendicular to the wall face. The courses to be 
built through, with proper bond in each course. 

19. The road to be thoroughly protected by stone 
parapets, and earthen mounds. Where retaining-walls 
occur, the road to be protected by parapets. Where the 
road is in earth cutting, or is banked, earthen protection 
mounds will be suitable. 

Parapets not to be less than 3 feet in height. 

If the cost is not prohibitory, masonry parapets to be 
adopted. They should be i^ feet in thickness. 

Dry. stone parapets to be i^, to 2, feet in thickness, 
according to the nature of the stone. The stones to be care- 
fully set, and each course to be built through the wall. 
The coping of the parapets to be set in mortar. Parapets 
to be built to foUow the grade of the road. In other 
words, parapet copings, comices, and strings, to be built 
to the same slope as the road gradient. 

The positions of the drainage-holes through the para- 
pets to be set out before the walls are built. 

At cross-drains the road to hâve a parapet on each 
side. 

The parapets to be protected by guard-stones where 
required. 

Earthen protection mounds not to be less than 3 feet 
in height. The mounds to be revetted with stone inside 
towards the road, and to be rounded off on the top. If 
the rainfall is slight, they should be turfed. If the rain- 
fall be heavy, they soon get covered with grass, and 
végétation. 

The positions of the drainage-channels through the 
mounds to be set out, and laid in dry-stone, before the 
mounds are formed. When formed, the channel exits, 
and courses down the banks, to be protected with rough 
stone paving. 

Where the protection is afforded by banks, there will 
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be fewer drainage channels than where parapets are 
adopted. This is arranged for on the road itself by 
carrying the outer gutter behind the guard-stones, until a 
suitable exit is found, which will be stopped on the low 
side by a guard-stone. 

Where stone is plentiful, and the road is banked with 
rock, stone, or solid stuff, parapets will be suitable. 

Remarks. — A mountain road can be protected, though 
in an inferior manner, by the following methods : — 

\st. — Large blocks of stone set up on the roadside 
close together. 

2nd, — Slabs of stone set upright at intervais on the 
roadside, a portion of each slab being sunk in 
the ground. 

y^d, — Wooden railings. 

If the stone blocks are heavy, and of good height, the 
first method affords fair protection. 

If the slabs of stone are 2^, or 3, feet high out of the 
ground, and are only 3, or 4, feet apart, the second 
method affords some protection. Wooden rails as usually 
made give no real protection at ail. They présent an 
appearance of protection, and are a guide to traffic only. 
They never stop a runaway. 

Parapets of masonry should invariably be erected at 
the roadside at salient curves where précipices occur and 
where any pénétration of the barrier would be certainly 
fatal to life. 

20. The longitudinal centre-line of the road is the 
watershed of the road (art. 3). The drainage of the road 
surface flows to each side from the centre-line or watershed. 
To this gênerai rule the following exceptions are inade. 

Where the road turns on a minimum curve, a quadrant, 

or more, at a salient, the water-shed line is to be situated 

at a distance of one-third from the outer edge of the 

road. Where the road turns on a minimum curve, a 
1.7 R 
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quarter-circle, or more, at a re-entering angle, the water- 
shed Une to be situated at a distance of one-third from 
inner edge of the road, Plate XL 

Remark. — Sharp curves at salient, and re-entering, 
angles, are sure to be worn to the section given above ; it 
is as well, therefore, that the road surface at the sharper 
turns should be made originally the shape they are 
destined to assume, so that the surface materials may be 
laid on of the proper wearing thickness. 

21. The road to be provided, as far as possible, wilh 
a hard metalled surface 6, to 9, inches in thickness, 3 inches 
only to be laid at a time. 

Remarks, — The natural stone of a mountain is gencral- 
ly uscd as rtietal for the road, The metalled surface 
should extend from one gutter to the parapet. If the 
centre of a mountain road only be metalled the road will 
soon be destroyed, as by reason of the curves on a 
mountain side predominating over straight reaches, slow 
traffic will always hug either one side of the road or the 
other. 

22. The formation surface of the road to be raised 
in the centre. 

Re?narks, — If made flat, and the surface metalling is laid 
down, the road will soon become hollow in the centre. 

A mountain road should not be metalled the first year. 
One season of wet weather should be allowed to pass 
away before the surface be finished off. 

23. Numbered dépôts for the storage of métal to be 
provided on the roadside. 

Remarks, — Dépôts can be made by cutting places out 
of the upper road banks of a certain suitable size. Opcn 
ground at salients will also be often available for this 
purpose. The dépôts to be devised to hold certain fixed 
quantities of métal, and thus save the trouble of taking 
measurements of each season's supply. 
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24. Milestones to be supplied with figures 4 or 5 inches 
in height, painted black on a white ground. 

Remarks. — Milestones should be placed in prominent 
positions, and always on the same side of the road. Three 
samples of milestones are glven in Plate L The first 
pattern where the stone is placed end on to the road is 
the best. 

25. Camping grounds to be provided, if possible, every 
5 miles on a mountain road. 

Remarks, — Camping grounds should be tolerably level, 
be wcll supplied with water, and with a heap of large stones 
for cooking purposes. 

The water-supply should, if possible, be led into a 
masonry fountain, or tank ; an upper tank placed so that 
animais cannot get at the water for travellers, and a lower 
tank, or trough, for animais. If it is not convenient to 
make a fountain, the drinking tank should be covered 
over with one side only open. 

26. The masonry-works on a mountain road need not 
be commenced the first season, or until the earth-works 
hâve been subjected to a winter, or wet season. 

Remark, — By this plan a good understanding will be 
arrived at as respects the amount of cross-drainage to be 
provided. 
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MAINTENANCE OF ROADS. 

Maintenance — Repairs — Metalling — Four Opérations — Stone Rol- 
LERS — Inch-width Pressure — ^Wheel Rolling — Iron Rollers — 
Tractive Power for Rollers — French Rollers — Steam 
Rollers — Road Parties — Gravel and Soft Stone Roads — 
Masonry Road Works Inspection and Repairs — Iron Works 
Repairs — ^Timber Works Repairs — Overseer's Charge and 

DUTIES. 

There is a distinction between the maintenance, and 
the repair, of a road. The two opérations are commonly 
included in the term Road Repairs ^ which if it does not 
infer a confusion of ideas in the minds of those engineers 
who use it in the double sensé, is, at least, the cause of 
error when comparisons of cost are instituted, and the 
maintenance of one road is set against the repairs of 
another. 

The maintenance of a road is the keeping up of a road 
in the "condition it was originally made. Such mainten- 
ance improves a road at first, as its banks settle down 
to a permanent form, and the road surface becomes 
harder by compression under wheels. After a few years 
the maintenance of a road becomes the keeping up of 
a road in good condition, supposing its original construc- 
tion to hâve been good as respects drainage, and transverse 
section. 
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The repair of a road is the work rendered necessary to 
bring it up to its original condition after it has become 
deteriorated by neglect to maintain it. Roads not regu- 
larly maintained ail the year round will require repairs 
from time to time to keep them open for traffic. 

Ail main, or trunk, roads should be maintained ail the 
year round. Roads carrying small traffic, and only 
available during fine weather, will hâve to be repaired 
once a year. However small the mileage amounts for 
the repairs of fair-weather roads may be, it is advisable 
that an approach to continued maintenance should be 
attempted. One labourer to every four miles, or two men 
working together over six or eight miles, can effect a 
great deal towards the maintenance of a country road of 
secondary importance if retained permanently on it after 
its yearly repairs hâve been effected. 

The improvement of a road may comprise any of the 
opérations of road construction dealt with in this treatise. 
Improvements will generally take the form of déviations 
to ease gradients, improved drainage, the formation of a 
proper road section, the substitution of curves for angles, 
the straightening of reaches, and the adoption of superior 
material for the road surface. It is very seldom that 
mountain roads when once made can be improved as 
respects gradients. 

To maintain a road in good order, it is necessary that 
the surface material should be renewed as soon as it is 
worn down sufficientlyto affect the efficiency of the cross 
section to secure the proper drainage of the road surface. 
The amount of metalling or surface material required 
for a road every year will, of course, dépend upon the 
traffic, and the durability of the stone employed. 

Roads will not bear heavy traffic unless their surfaces 
are macadamised with broken stone, called metalling. 
Properly metalled roads will carry any amount of traffic 
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during ail seasons of the year ; but their surfaces must 
be malntained ail the year round, otherwise ruts will be 
formed by cart wheels, the metalled surfaces will be worn 
in holes, and loose stones will lie about in ail directions, 
to the great inconvenience of the traffic. 

Metalling for roads varies in size from 2^ to i^ inch 
cubes. The harder the stone tfie smaller should it be 
broken. With tough stone broken by hand with a hammer 
from large blocks, quarried, the smaller sized métal is 
best. The smaller the hard métal the easier is it Con- 
solidated, and the smoother is the surface obtained. Large 
sized tough métal may perhaps stand wear better than that 
of smaller size ; but if Consolidated with much blindage of 
sand, or gravel, it wears to a surface like a nutmeg-grater. 
Some blindage is absolutely necessary to give the métal 
a uniform surface. With small sized métal less blindage 
is necessary. Métal prepared with the stone-breaking 
machine is not so good as hand broken métal. The 
machine turns out flaky, instead of cubical, métal. 

Metalled road surfaces cannot be properly Consolidated 
without water. To save artificial watering, therefore, 
roads should be metalled in wet weather. This opération 
is performed in England between October and April, and 
in India and the tropics during the rainy season. When 
roads are newly metalled, a coating of 2 or 3 inches is 
usually laid down; but for the maintenance of a road 
a thinner coating is sufficient. A coat the depth of the 
stone cubes in use is the best thickness to employ at one 
time. The old road surface should be slightly picked 
before laying on the new métal. This opération bonds 
the old and new métal together. If the new métal is laid 
on the hard surface of a road it consolidâtes in a thin 
layer, which in time is worn through in patches. Unless 
heavy steam-roUers are used, the picking of the old 
surface should on no account be carried out so thoroughly 
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as entlrely to disturb the materials of the old surface, 
otherwise the thorough consolidation of the road surface 
previously obtained will be lost. 

Metalling for a road should be prepared annually, and 
be stacked in dépôts, or in heaps of regular size, on the 
outside of a road, so many heaps per mile. This is a 
very suitable work for a contract. The spreading and 
consolidation of the métal on a road is not usually 
carried out satisfactorily by contract. Thèse opérations 
are not easy of spécification. The more carefully con- 
ducted the spreading, the rolling, the subséquent sprink- 
ling of blindage, and the final rolling, the better will the 
road become. The less the care taken on thèse opéra- 
tions, and the smaller the amount of rolling, the greater 
the profit to a contractor. 

The opérations comprised in metalling a road surface 
are in order as under : — 

1. Spreading the métal. 

2. Rolling the métal. 

3. The sprinkling of blindage. 

4. The final rolling. 

It is a very common practice to throw the blindage on to 
the métal before any rolling is done. This should never 
be permitted, otherwâse no matter how small the métal, 
the surface of the road will, after a little wear, and some 
wet weather, become very rough without breaking up. 
The surface of the road will be made up of blunt points 
with hollows between, much like the nutmeg-grater sur- 
face mentioned above. 

The old practice of turning the traffic on to a newly 
metalled surface for the purpose of saving rolling by an 
attempted consolidation by wheels can only be regarded 
as a barbarism not to be thought of in thèse days. The 
practice referred to was in force in London so lately as 
the year 1874. It cannot be too strongly deprecated, 
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not only as being cruel to that noble, and much abused, 
animal the horse, but also by reason of the inefficient 
results produced. The heavy wheeled-traffic on the London 
roads in time certainly did effect a consolidation of the 
loose métal ; but a great deal of it was destroyed by being 
wom at the angles by constant friction, and by the time 
the roads were fairly wheel-roUed, they required another 
layer to produce a section. 

A road cannot be re-metalled without causing some 
inconvenience to thç traffic. When however the opéra- 
tion is conducted on a fixed, and proper, method, the 
inconvenience is minimised. To spread métal across a 
road, or to métal only a half-width at a time in long 
lengths, must be productive of annoyance to traffic. It 
is true, that a road metalled in half-widths is annoying 
to the engineer, who is fond of producing a workman- 
like finish, for the resuit generally shows a seam or joint ; 
but there is no help for it. Traffic cannot be stopped 
or, excepting in towns, be turned aside ; 50 half of 
a road can only be dealt with at one time. The métal 
should not be spread over long lengths, which would 
force the traffic continually upon it ; and the four opéra- 
tions above given should not be each carried out to 
completeness in succession. The métal should be spread 
in short lengths, and the four opérations should be carried 
out simultaneously at each length, in the order named. 
Executed in this manner a portion of the road surface 
can be completed every second day, and meanwhile the 
traffic in opposite directions wlll not be seriously impeded. 

Now that the practice of wheel-roUing of loose métal, 
which has been mentioned, is universally condemned by 
road engineers and surveyors, roUing by roUers of stone 
and iron has been generally introduced. 

It is a great object to use as heavy rollers for rolling 
as possible, but the weight of rollers which can be em- 
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ployed upon a road dépends upon the quallty and number 
of draught-animals which may be available, upon the road 
gradients, and upon the strength of the bridges and drains 
on the Hne. Masonry bridges, and drains, are usually of 
suflficient strength to bear the weight of the heaviest road 
rollers drawn by cattle, and even the weight of heavy steam- 
rollers ; but iron girder, and timber, bridges, and drains, 
are not always calculated to bear the live^load of a heavy 
roller. Even a heavy stone roller of 4 feet diameter, and 
4 feet length, will weigh about 4 tons ; either lighter 
rollers must therefore be employed on roads, with slight 
drainage-works, or the heavy rollers must be distributed 
along the road to work only between rivers and streams 
which are not spanned by masonry bridges, and drains. 

The steam-roUer as now made is an admirable inven- 
tion for rolling roads in the vicinity of large towns. 
Of great weight, and width, the rolling of large surfaces 
of métal is, with the employment of gravel and sand 
and plenty of water, speedily accomplished. The road 
steam-roller was used in Paris in 1860, and in i864one was 
at work at Calcutta. Steam-rollers were next used at 
Bombay, but were not employed in England till 1866, 
when one was used to roll the Hyde Park roads in London. 
At the présent time ail macadamised roads in and about 
London are rolled by steam-rollers, to the great advantage 
of draught-animals, and to the public generally. 

For ordinary country roads, however, the steam-roller of 
10 and 15 tons, for the reasons already stated, is not always 
suitable. Gradients are too steep, and bridges are too weak. 

Ordinary road-rollers are made of either iron, or stone. 
Iron rollers are the best for roads which are not metalled, 
and would be best for metalled roads but for the trouble 
of loading them, and keeping them in working order. 
Workpeople are négligent, and if not well supervised, 
which is difficult on long lines of road, they will run their 
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rollers as light as they can make them. Stone roUers are 
therefore usually heavier than those of iron, and hâve the 
great advantage, when a large number are needed, of 
being much cheaper. Stone rollers only cost half the 
price of iron rollers. 

If rollers are made too heavy, the draught-animals hâve 
to use great exertion in starting and drawing them and the 
foUed métal is disturbed by their feet. Also, many pairs 
of animais are needed, and as it is difficult to get them 
to pull unitedly> the work proceeds slowly. 

Engineers, and road surveyors, prefer iron to stone 
follers, and with good reason. They can be made heavier 
than stone rollers, and their smooth surface does not 
pick up the surface of gravelled roads as much as stone 
rollers do when the road materials are saturated to the 
adhesive state. 

Sir John Macneil gives the following table bearing 
upon the question of the weight of vehicles of différent 
descriptions on roads, which shows the weight on each 
wheel, and the pressure per inch-width of wheel. The 
last item, the cart drawn by a pair of buUocks, has been 
added to the table. 



Description 

of 

Vehicle, 



Speed in 

miles per 

hour. 





Width 






Average 


of 


Pressure 


Pressure 


gross 


wheels 


of each 


per inch 


weight. 


and 
tires. 


wheel. 


of width. 



Width of 
wheel, al- 
lowing 5 
cwt. per 
inch of 
tire. 



Mail Coach 

Stage Coach ... 

Van 

Waggon 

Do 

Do 

bullock Cart 



Milesr. 
9 to II 
8 to II 
6to 7 
2jto 3 



Tons. 


Inches. 


Cwls. 


Cwts. 


2 


2i 


lO 


44 


2i 


2 


12*5 


6-25 


4i 


H 


21-25 


8-29 


6 


9 


25 


277 


4i 


6 


22*5 


375 


3i 


4 


I7S 


4-37 


i 


2 


5 


2S 



Inches. 

2 

4i 
6 

4* 
3i 
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In the last column it will be observed that 5 cwt. istaken 
as the limit per inch of wheel tire wHich should not be ex^- 
çeeded for the generality of roads. First-class metalled 
roads may be able tQ reslst a greater pressure per inch of 
width of wheel than 5 cwt. without breaking up ; but 
ordinary metalled roads would be severely tested in very 
wet weather by a pressure of 5 cwt. to the inch-width. 
During the famine in India in 1877 grain carts conveying 
grain from the ports on the western coast inland over the 
Western Ghat roads carried loads of one ton and upwards. 
This was equal to, but often in excess of, the limit of 5 
cwt. to the inch-width of wheel tire ; and as the traffic 
was continuous throughout the South-West Monsoon 
or rainy season, it resulted in serions damage to the 
roads in question. In ordinary years there is but little 
traffic on thèse roads during the rainy season when the 
western ports are closed ; but the severity of the trial 
will be understood when it is stated that the rainfall in 
the five months' continuance of the monsoon was from 
ten to fifteen feet on the roads affected, and, moreover, 
owing to the mortality amongst the cattle, from dearth of 
fodder, a great portion of the grain carts were drawn by 
men. Human draught is very destructive to roads, for 
on meeting with any obstruction, such as loose stones or 
a hole, men twist their carts from side to side to extricate 
their vehicles, and thus form holes, where none existed, 
or enlarge those already made. 

It would therefore seem advisable, that taking 5 cwt. as 
the pressure per inch-width of wheel which roads should 
be able to bear without breaking up, that road rollers 
used for consolidating meta! should be made of sufficient 
size and weight to produce a pressure of 5 cwt. on each 
inch of their width, 5 cwt. to the inch-width gives 3 
tons weight to the f oot-width, or 1 2 tons for the weight o| 
a roller four feet in width. This is manifestly f^r tPP 
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great a weight for roUers to be drawn by horses or bul- 
locks, and fortunately it is found in practice that métal 
can be well Consolidated with rollers which hâve far less 
weight per inch-width than hâve the vehicles with their 
loads which traverse the roads. AH that is required of a 
roller is, that after it has been passed over métal a number 
of times its weight be sufficient so to consolidate it that the 
stones are not displaced, forced out of their positions, by 
the wheels of the laden vehicles using the road. This is 
the test, and it is found, that when métal is newly laid 
down and consolidated in a proper manner, and the rollers 
are passed many times over it, that rollers giving a com- 
paratively light weight per inch-width perform the work 
satisfactorily. In fact, the practicable road roller drawn 
by cattle merely prépares the métal to receive its final 
rolling, which, excepting the steam-roUer, can only bedone 
by the wheels of laden vehicles, and which in this manner 
is accomplished without cruelty to draught-animals. 

When a road is newly metalled and rolled, it is seen, 
that the wheels of the traffic passing over it compress the 
métal in their wheel-tracks still farther ; but the métal is 
not displaced, it is only compressed, and in a short time 
the whole of the road surface becomes compressed in like 
manner. Thus, a road becomes finally rolled by the 
weight it will hâve to carry. This, it is hardly necessary 
to say, is a very différent thing from the barbarous prac- 
tice so lately in force in England of tuming the traffic on 
to a newly metalled road which has never been rolled. 

So effective is the plan of road rolling by traffic follow- 
ing upon rolling by rollers, that little attention appears 
to be given to the design of road-roUers. Old road-rollers 
of five, and six, feet in length with a diameter of two 
feet are commonly met with ; and iron rollers which can 
easily be weighted by being fiUed with old iron are con- 
stantly used empty. 
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As it is obvious length in a roller does not add to its 
weight per inch-width, whereas depth does, rollers should 
be made deep and short, and not, as they too commonly 
are, shallow and long. A rollet of stone 2 f eet in diameter, 
and 7 feet in length, is about the same weight as one 
3 feet in diameter, and 3 feet in length; but it requires 
rather more tractive power to draw it. The weight per 
inch-width of the two is however very différent ; for that 
of the 7 foot roller is only 47 Ibs., whereas the 3 foot roller 
gives a pressure of 105 Ibs. English iron rollers are usually 
made 4 feet in diameter, and 3 feet wide, and weigh 
2 tons. Thèse rollers give an inch-width pressure of 
124 Ibs.; but fitted up with scrap iron this weight can be 
doubled to 248 Ibs., per inch-width. This weight can 
even be increased to 310 Ibs. if the roller frames are fitted 
so that they can be weighted one ton. As already stated, 
iron rollers are much more expensive than stone rollers, 
which can ordinarily be made in the country where they 
are required ; consequently, it will be as well to give the 
weight of stone rollers. Thèse rollers are very commonly 
made longer than they are deep, but it should be borne 
in mind, that length does not increase their weight per 
inch-width. Takingheavy stone at 180 Ibs. the foot cube, 
a roller 4 feet in diameter, and 3 feet in length, weighs 
6,786 Ibs., and gives an inch-width pressure of 188 Ibs. 
The frame, with weights, if capable of being loaded, may 
be assumed as another half ton. The total weight then 
gives an inch-width pressure of 2 1 1 Ibs. This weight is 
69 Ibs. less than half the 5 cwt. inch-width pressure men- 
tioned above, but is found to be sufficient to consolidate 
métal preparatory to the wheel-rolling it will undergo. 

If stone fit for the purpose of making 4 feet rollers is 
obtainable, that size may be adopted, and the length of 
the rollers will be determined by the draught-power avail- 
able. 3 feet is a sufficient length for a roller, but this 
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width may be increased to 3^, 4, or 4^ feet if desired. 
If a 4 foot roller is made longer than 3 feet, the inch-width 
pressure is slightly reduced if the frame and loading 
remains a fixed quantity, as this extraneous weight is dis- 
tributed over a greater width. But it may be assumed, 
that a 4 foot roller of the lengthsgiven abovewill afïord a 
sufficient inch-width pressure for metalled roads, and the 
length such a roller may be made will be ruled by the 
amount of draught-power to be employed. A wide roller 
is of course better than a narrow one, as it accomplishes 
the work to be performed in a shorter time, and is there- 
fore proportionately economical. 

The tractive-power which a horse can exert steadily 
and cohtinuously at a walk is reckoned at 120 Ibs. The 
résistance of vehicles on a level on a good road is estimated 
at 3^ the gross load. On a level road therefore a horse 
will exert a tractive-energy sufficient to draw 1 20 x 30 =* 
3,600 Ibs. As roUers hâve to traverse gradients between 
the level and the limiting-gradient, assuming the latter 
to be on three roads, i in 30, i in 24, and i in 20, 
a horse would draw on such gradients as under, Chapter 
IV., Section I. — 

where/is the proportion of the résistance to the load 
on a level, and / is the sine of the angle of inclination of 
the gradient. 

Gradient i in 30, 

ïr= -^ = 120 X Ç- = 1,800 Ibs. 

Gradient i in 24, 

,„ 120 120 , ,. 

ïr= 7-— - = 120 X — = 1,600 lb3. 

Gradient i in 20^ 

„- 120 60 „ 

»' = TXT = Ï20 X — = lMOlb«. 
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So that, with roads with limiting-gradients of i in 30, 
I in 24, and i in 20, a horse will draw on such roads loads 
of 1,800 Ibs., 1,600 Ibs., and 1,440 Ibs., respectively. 

But owing to the roughness of newly laid métal a horse 
should not be required to draw such heavy loads as those 
stated above. Sir John Burgoyne says from 10 to 12 cwt. is 
theloadwhich should not beexceededatfirst,butwhichmay 
be increased to nearly one ton at last. He recommends 
that a roUer should weigh 5 tons 12 cwts., and be drawn 
by six horses. This weight of roller, 4 feet in length, 
28 cwt. per foot width, 261 Ibs. per inch-width, gives a 
draught per horse of 2,090 Ibs., but 10 cwt. is only 1,120 
Ibs,, and 12 cwt. only 1,344 Ibs. It has frequently been 
stated that a horse will exert for a short time twice the 
tractive-energy he is capable of displaying continuously 
throughout a day's work, and that, therefore, he can take 
a full load up a gradient of i in 30 ; for, with that slope, 
the résistance due to the grade is exactly equal to the 
résistance on the level, so that the tractive-force required 
to move a load on a grade of i in 30 is double that 
required to draw the same load on the level. This state- 
ment however is not applicable to a horse drawing a 
roller on newly laid métal, and such an argument will not 
satisfy the problem. Either a horse will draw a greater 
load on the level than 3,600 Ibs., or the résistance on the 
level is less than 5^, or the roller must not weigh 5 tons 
12 cwt. 

The résistance of vehicles on the level has lately been 
tested with the resuit that such résistance is ^s in place 
of 3^. Calculated at -^y a horse would draw 5,520 Ibs. 
weight on the level, and 1,703 Ibs. on a grade of i in 20. 
On this supposition, or fact, seven horses might draw the 
roller of 5 tons 1 2 cwt. on a gradient of i in 20 ; but in 
this calculation the increased résistance owing to the 
roller sinking in the loose métal is not taken into con- 
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sideration. This résistance is very great, for it is on à 
gravelled road double what it is on a good metalled road. 

Although it is difficult to define exactly what may 
be, or should be, the tractive-power of a horse 
drawing a roller over newly laid métal, it will probably 
be sufficiently accurate, and in accord with practice, 
to say that a horse will draw about half a ton weight 
at first, and that this weight can be increased as the 
métal is gradually Consolidated. This is the draught on 
an ordinary level, or undulating, road. On a hilly road 
the draught would be less, and on a mountain road either 
the number of draught-animals must be increased, or the 
lightest rollers, which, by many traverses, will consolidate 
métal sufficiently for its final wheel-rolling, must be em- 
ployed. 

As wheel-rolling is heavier than roller-rolling, the 
surfaces of newly metalled roads are scored, or depressed, 
when traffic is first admitted. Roads should then be 
again rolled a few traverses, and this has much effect 
because the whole weight of the roller acts on the raised 
portions. The inch-width pressure of the roller is thus 
greatly increased, and between the roller-rolling and the 
continuons wheel-rolling, the métal becomes completely 
Consolidated. 

The stone roller already menti oned as 4 feet in 
diameter, 3 feet in length, and weighing 6,786 Ibs., could 
be drawn by six horses at a draught of 10 cwt. a horse. 
Loaded with a ton weight the six horses would draw a 
load of 4 tons. This roller of 4 feet diameter weighs a 
ton for each foot in length. Where a roller of 5 ton 
weight could be employed, the 4 foot roller may be made 
4 feet in length. 

Métal may, however, be Consolidated with rollers of 
smaller size and weight than the 4 foot roller if the roller 
is passed many times over it. The 4 foot roller gives an 
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inch-width pressure of 188 Ibs. without the frame, and 
about 200 Ibs. witb it. A roller 3.^ feet in diameter gives. 
an inch-width pressure of 144 Ibs. without the frame, and 
about 154 Ibs. with it. A 3 foot roller a pressure of 1 15 
Ibs. with its frame. Thèse rollers can be weighted to 
another ton, or they may be lengthened beyond 3 feet, if 
desired ; but though the rolling is better efîected with the 
longer length, the inch-width pressure is not thereby 
increased. The 4 foot roller weighs 2,262 Ibs. to the foot 
width, the 3^ foot roller 1,729 Ibs., and the 3 foot roller 
1,271 Ibs. Stone rollers for métal should not hâve a 
smaller diameter than 3 feet. 

In France iron rollers are employed of 6 to 6J feet 
diameter, and 5 feet long, drawn by horses. Thèse rollers 
weigh 3 tons when empty, and 6 tons when loaded. The 
maximum weight when loaded is 8, to 10, tons. Thèse 
weights give an inch-width pressure of 1 1 2 Ibs. for the 
3 ton empty roller, 224 Ibs. for the full 6 ton roller, 
and 336 Ibs. for a loaded 9 ton roller. The empty roller 
is first used, then the full roller, and lastly the weighted 
roller. The material binds most speedily when its thick- 
ness is 4 or 5 inches. For this thickness 8 or 10 rollings 
are sufficient: two roUings dry with the empty roller; 
two with blindage and water, and the empty roller ; two 
with the full roller ; two with the loaded roller, and one 
at an interval of from 8 to 15 days after the road is 
opened for traffic. The same number of horses is em- 
ployed throughout excepting on steep grades, when the 
number is increased to reduce the damage caused by 
the horses' feet. 1 in 20 is the steepest grade which 
can be rolled. 

Even thèse enormous rollers for cattle-draught do not 
approach within 224 Ibs. the 5 cwt. inch-width pressure 
which Sir John Macneil considered should be the maximum 
inch-width pressure of wheels, and consequently inferred 
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that macadamised roads should be able to bear this pres- 
sure without breaking up. 

It is évident, therefore, from the common practice of 
road roUing by draught-horses, and oxen, in England, 
France, and India, that the 5 cwt» inch-width pressure is 
not only not attained by the heaviest rollers which can be 
employed for consolidating métal on macadamised roads, 
but the half of that pressure, 280 Ibs., is barely exhibited 
by the heaviest laden rollers. It follows, that the opinion 
ofîered at the commencement of the investigation of the 
subject of roller pressure, that it is unnecessary rollers 
should give a pressure of 5 cwt. per inch-width, the weight 
exhibited by some loaded vehicles, is practically sound. 

The relative power of horses and oxen is estimated as 
if to I. The power of 4 horses is therefore equal to 
that of 7 oxen. A 6 horse roller would accordingly re- 
quire 10^ oxen to draw it, The value of calculations of 
thischaracter is, of course, only approximate, as the weights 
of horses and oxen vary so greatly. If, on the one hand, 
the cart horse of Europe represents a horse power, and, 
on the other, the Indian ox the ox power, the tractive power 
of 7 oxen would scarcely be equal to that of 4 horses. 

An 8 ton steam roller gives an inch-width pressure 
of 224 Ibs., a 10 ton steam roller an inch-width pressure 
of 280 Ibs., and a 15 ton steam roller an inch-width pres- 
sure of 420 Ibs. The 4 foot stone roller 1 88 Ibs. to the 
inch with frame unloaded, and 250 Ibs. to the inch 
with loaded frame, compares with the 8 ton steam-roller, 
which is found to be quite heavy enough for ordinary 
metalled rôads. The 10 ton steam-roller gives just half 
the inch-width pressure of the 5 cwt. wheel pressure ; and 
as it is found to be rather too heavy than too light to 
use, this fact affords proof that 5 cwt. to the inch is not 
a necessity. A roller which has an inch-width pressure 
of about 2 cwt. is heavy enough for country metalled 
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roads. The 15 ton steam-roller is too heavy ; it pushes 
the métal in front of it, and in rear also. Unless light 
steam-rollers are used, métal must be well rolled with 
ordinary rollers before a heavy steam-roller can be 
employed. Steam-rollers are not made lighter than 8 tons, 
but such rollers if made from 5 to 8 tons would be most 
useful for country roads, the inch pressure being pro- 
portionately reduced below the 224 Ibs. of the 8 ton roller. 
Supposing the 5 ton steam-roller ta give half the inch- 
width pressure of the 10 ton steam-roller, or 140 Ibs., a 
6 ton steam-roller should give an inch-width pressure of 
168 Ibs., and a 7 ton steam-roller an inch-width pressure 
of 196 Ibs. The adoption of thèse lighter steam-rollers 
is strongly recommended, and the makers of those imple- 
ments should be desired ta produce them. 

Metalled roads should be maintained ail the year round. 
This is necessary even when roads receive a new coating 
of métal yearly. Roads should be divided into sections 
of four miles each, and a permanent party of four men 
should be kept up on each section. The foreman may 
be included in the party of four, and he should be a 
workman himself. The duties of the permanent parties 
are to level, and fill in, any ruts, or hollows, which may 
be formed, rolling, or stamping with heavy cylindrical 
stampers, the new work ; the clearing of the side channels 
and drainage water ways - the cleaning of the road surface, 
the restoration of side slopes ,- the maintenance of road 
fences, road-side trees, and planted embankments ; the 
clipping of overhanging branches ; the re-setting of guard 
and curb-stones where displaced> and the removal o£ ail 
loose stones from the road surface. 

As respects the maintenance of roads which are not 
metalled, but which hâve surfaces of gravel, sand, con- 
glomerate, or soft stone which can be excavated and 
broken up with the pickaxe, the system which should be 



148 MAINTENANCE OF ROADS. 

adopted dlffers somewhat from that which has been laid 
down for metalled roads. The surfaces of gravelled, and 
soft stone, roads will not always require to be picked 
prior to the spreading of the new material needed to keep 
up their transverse sections. The new material should 
not be broken up so small as métal, and, as it is softer, 
it will not require so much wet to consolidate it. The* 
new material should be laid down towards the close of the 
wet season. It should be well rolled, but the rollers 
need not be so heavy as those used for metalled roads. 
Iron rollers are best adapted for rolling thèse roads, 
as the material has a tendency to stick to the rough 
surface of stone rollers. 

Thèse roads are, of course, not so expensive to keep 
up as are metalled roads as regards the cost of surface 
material ; but if they carry much traffic, they are equally 
costly to maintain by permanent parties. As a rule, the 
permanent parties of the strength given for metalled roads, 
namely, one man per mile organized into gangs of four men 
to the section of four miles, will be sufficient. The chief 
duty of the permanent parties is to keep up the transverse 
section of the roads by filling in ail holes, or ruts, as they 
occun 

Ail masonry, iron, wood, and stone, works on roads 
should be repaired and maintained on a System. Bridges, 
culverts, and drains should be carefully examined twice a 
year. This should be done just before and after the 
wet season of the year» Masonry bridges should be 
examined to see if their foundations hâve been exposed 
by scour, and if any underpinning, concrète work, paving 
of waterways, or cément pointing, is needed for their pré- 
servation. Wing-walls should be carefully examined to 
see if they hâve separated from their abutments, causing 
any damage to the main structure. If any wing-wall has 
suffered dislocation, the roadway behind the abutment 
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should be opened to see if such dislocation has extended 
to the abutment itself. In such case, remédiai measures 
should be undertaken without any delay. If the wings 
hâve only cracks through themselves and they do not 
overhang, or otherwise threaten to fall, they need not be 
rebuilt. So long as they are strong enough to support 
the road-bank, they may be allowed to remain as they are. 
This recommendation is made on the supposition, that the 
wings hâve not been designed to act as portions of the 
abutments :that the latter are of sufficient strength to resist 
the pressure of the arch. If an abutment is dépendent 
upon its wings for support, and thèse hâve given way, 
the immédiate construction of a new abutment in rear of 
the old one will be necessary to prevent a catastrophe. 

If arches are found with transverse cracks through 
them, such symptoms portend that the bridge abutments, 
or piers, hâve given way ; or, if the arches are very flat, 
that they hâve been thinly, and badly, built. The 
abutments and piers should be plumbed, and carefully 
examined ; and, if the arches are simply cracked and 
dislocated, and the arch rings do not form a well defined 
angle at the crack, and the voussoirs are not falling out, 
remédiai measures properly devised may save the structure. 

If the arches hâve longitudinal cracks through them, 
upon the position of such cracks will dépend whether, or 
not, a remedy will be of any avail. Longitudinal cracks 
through an arch are almost invariably caused by a différ- 
ence of workmanship between the facing-voussoirs and 
the voussoirs forming the hearting of the arch. If the 
facing-voussoirs are of eut stone, and the hearting is of 
rubble stone roughly, orhammer, dressed,and,particularly, 
if two stones of hearting go to one facing-voussoir, then 
in conséquence of unequal settlement when the centrings 
are removed, and sometimes long subsequently to that 
opération, the hearting séparâtes from the facing-voussoirs 
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on each side, and settles more, or less, below the two 
face-rings. This séparation, forming longitudinal cracks, 
is often of little moment if not more than a crack. If 
the bridge is under construction, and incomplète, the 
crack may be raked out and filled with cément. If the 
bridge is a completed structure, or an old work, the 
crack may be pointed with cément frora below. Siiould, 
however, the séparation be so wide that the face-rings 
bulge outwards, aad the cracks re-open after being 
cemented, then the face-rings should be carefully removed, 
and new rings be built to bond well into the old hearting. 

Bridges of iron should be examined to see if their 
masonry, or screw pile, abutments^ and piers, hâve been 
scoured out below the stream-bed, and if any works to 
' préserve them from damage are necessary. The iron 
superstructure should be carefully inspected to see if any 
girders hâve lost their camber, or hâve buckled. Such 
defects arise from weakness in the upper or lower booms, 
from a want of stiffness in the web, or from the over- 
loading of the roadway. Measurements or calculations 
will fix the defect upon one part of a girder or another, 
and a remedy can be applied. The examination should 
extend to ail bolts and rivets and other parts of the 
structure, and the iron-work should be scraped and 
painted if necessary. 

Wooden bridges should be examined in like manner as 
respects the préservation of footings. Ail joints, and 
bolts, should be examined, and decayed parts of the 
structure should be removed and renewed. 

The beds of streams near bridges should be examined 
to see that no undue scouring of banks, and channels, 
has taken place ; accumulations of silt should be removed. 

Ail végétation which may hâve gained a hold in the 
joints of the masonry of bridges should be carefully 
eradicated. 
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In llke manner should ail culverts, and drains, be 
examined in view to their repair, and maintenance. 

Ail breast, and retaining, walls, should be periodically 
examined and repaired. 

Parapets, and milestones, should be repaired at least 
twice a year. 

Guard-stones, and curb-stones, should be re-set by the 
permanent road parties whenever they become displaced. 

Ail bridges, culverts, and drains, should be numbered. 
The bridges may be numbered separately from the culverts, 
and drains. The numbers should be inscribed legibly 
upon the parapets, and lists of such works in each mile 
should be kept in a road book by the overseer, or surveyor, 
in charge o£ the district, who should be required to enter 
the dates of his periodical inspections. 
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CHAPTER VIII. 



COST OF ROADS. 

Comparative Cost of Roads — Classification of Ordinary Roads 
not applicable to mountain roads — cost of roads in the 

HiMALAYAS — CoST OF ROADS OVER WeSTERN GhATS OF InDIA 

EXAMPLES OF THE COST OF RoADS CROSSING DIFFERENT CLASSES 

OF CouNTRY — Estimâtes of the cost of Maintenance of 
Metalled Roads — Unmetalled Roads. 

The cost of the construction of a road dépends upon 
its width and the character of its works, upon the nature 
of the country traversed, the direction of the road with 
référence to the drainage, the rainfall of the district, the 
character of the soil and substrata, the extent of the 
population of the district and the standard of its civiliza- 
tion and industry, the distance from the hne of road of 
the materials required for its construction, the skill of the 
artisans and character of the labourers, and the tempéra- 
ture and climate of the country. 

It is évident, when the cost of a work dépends 
upon so many diverse causes and circumstances as those 
enumerated above, which are subject to much fluctuation, 
that estimâtes for the construction of roads must vary 
indefinitely, even in the same country. Nevertheless, 
although no comparison can be instituted between dis- 
similar things, it is quite possible to give such estimâtes 
of roads, whether ordinary or mountain roads, having re- 
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ference to one country, which may be found of use to 
engineers and road surveyors practising their profession 
under somewhat similar conditions. 

The comparative cost of roads in the same country 
dépends upon the nature of the ground to be crossed, 
whether tolerably level, hilly, or mountainous; also,whether 
they run through valleys of soft soil, or on hard ground 
on the margin of hill-slopes ; whether they traverse the 
watersheds with the drainage, or cross it ; whether, in fact, 
their banks hâve to be well raised, or need only to be 
moderately elevated above the surrounding country ; 
whether, or not, bridges and minor drainage works are 
numerous, or below the average ; and whether their 
foundations are deep, or near the surface. 

Roads Crossing ordinary country may well be classified 
as to the character of their formation, and the provision 
made for cross drainage, but with mountain roads there 
should be but little différence in the nature of their con- 
struction. A cheap and imperfect mountain road* 
especially in countries where there is a heavy rainfall, 
cannot be expected to maintain its original condition. 
To keep an imperfect mountain road open in fair seasons 
is costly, to keep it open in wet seasons almost an im- 
possibility. Mountain roads should be made perfect in 
the first instance, otherwise either the cost of their 
repair and maintenance will, in a few years, be excessive, 
or they will become impassable. Mountain roads 
imperfectly drained soon become ruined, as both cross 
and longitudinal drainage has great velocity, and, in 
conséquence, power of destruction. 

Major James Browne, R.E., in his paper published in 

the Proceedings of the Institution of Civil Engineers, 

1873-4, gives the following information with respect tô 

the cost of mountain roads in the Himalayas, in India. 

Thèse roads, he states, vary from 18 feet width in open 
20 R 
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ground to 1 2 feet along cliffs, and the maximum gradients 
vary from i in 18 to 1 in 25. Their cost he gives as 
follows : — 

1. The Chùkrata Road, — Bridging light ; labour pretty abundant. 

Cost per mile ;fi,SOO 

Metalling 300 

Total cost per mile ;f ijSoo 

2. Kangra Valley Road. — Bridging very heavy ; labour abundant. 

Cost per mile ;f2,300 

Metalling 300 

Total cost per mile ;f 2,600 

3. Dalhousie Road, — Excavation very heavy ; labour scarce. 

Cost per mile s.../'2,700 

Metalling 300 

Total cost per mile ;f 3»ooo 

In Western India, in the Bombay Presidency, some 
1,000 miles south of themountain roadsabove-mentioned, 
a mountain road projected to connect the port of 
Ratnagiri with the high table-land due east at Kolhapur 
is now — 1879 — under construction. The road from the 
coast traverses a hilly country, the Konkan, for 32 miles 
up to the foot of the Sahyadri range of précipitons basai- 
tic mountains. The mountain road proper then ascends 
the Southern side of a spur of the main range, and 
crossing over a saddle continues to ascend the same spur 
on its northem side. The road again crosses over a low 
saddle of the same spur just at its point of junction with 
the main range, and following a course on the steep 
mountain side for two miles, sweeps on a curve through 
a deep cutting in a gorge in the summit ridge, and thus 
attains to the table-land of the Deccan, which at this 
point of the Sahyadri range is about 2,000 feet above the 
sea. This mountain road, called the Amba Ghat (Pass), 
is nearly eight miles in length. 
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The Amba Ghat road, though not of great length even 
when compared with other roads ascending the same 
range— the Fitzgerald Ghat road of 19^ miles length, 
ascending 4179 feet to the hot season retreat at Maha- 
bleshwar, being the longest in the Bombay Presidency 
— is yet a typical mountain road. ft encounters ail the 
difficulties which are usually met with in mountain road 
construction. Indeed, the Sahyadri range, owing to its 
basaltic formation, is so steep and precipitous on its 
western side, its rise to its highest élévations occurring 
in short horizontal distances, that few mountain roads in 
any part of the world are eut in steeper sidelong ground 
than are the roads of the Western Ghats of India. The 
Amba Ghat road, for 'more than a mile from its summit, 
is eut in very steep ground on the verge of précipices 
which are formed by the vertical weathering of the trap 
rock. This road, therefore, may be considered, in the 
matter of cost, as a fair example of a mountain road. 
The upper mountain slopes are steep, and the masonry 
Works are ample to carry ofî the drainage of a rainfall of 
200 inches in five months. 

The Amba Ghat road has an average grade of i in 
23*2, with a limiting gradient of i in 20. In respect of 
grades, therefore, it does not quite comply with the 
recommendation made in this treatise, that the ruling 
grade of important mountain roads should not exceed i 
in 24. The Amba Ghat road is, though a local road of 
importance, not a trunk line, and its grade will at ail 
events be found an improvement upon those of its neigh- 
bours, With this exception the Amba Ghat road has been 
designed by Major Ducat, R.E., on the principles advo- 
cated in this treatise. The road width is 21 feet includ- 
ing the shallow outer gutter, or 20 feet clear width 
including guard-stones at the curves. The cross section 
of the road is curved on a horizontal chord, and drains ofî 
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on each side from the centre as should every road, The 
bridges, culverts, and drains, are ail of masonry ; retain- 
ing-walls of dry-stone. The metalling is taken the full 
width with a depth of half a foot. There are no angles 
on the Une, or curves of less than 80 feet radius. 

The cost of the Amba Ghat road is estimated to be as 
foUows : — 



Bridges 
Culverts 



Drains 



Road Works, including rock-cutting, earth*works, retainilig 
walls, parapets, metalling, curbing, &c 



Total Rupees 



Equivalent at is, Sd. per Rupee £ 



Rs. 

28.777 
3ï»448 
40,650 

i>8o,5S7 



2,81432 



23,452 



Road Works, per mile 


2 «.477 

«3,273 

2,280 


£ 

'.789 
1,106 


Masonry Works •, , 


Metallincr 


190 




Total cost of road, per mile 


37.030 


3.08s 



Comparing the probable cost of this mountain road 
with the cost of those before mentioned, it should be 
borne in mind, that the roads are of différent widths ; that 
the Himalayan roads hâve less masonry and more dry- 
stone work ; and that the rupee is probably taken at ils 
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former value of two shillings instead of its présent value 
of one shilling and eight pence. 

Ail things considered, there will not be found any 
considérable différence in the mileage rate of cost of 
mountain roads in India if allowance is made for différent 
degrees of completeness of such roads. 

The fîrst section of the road from the top of the Amba 
Ghat towards Kolhapur affords a good example of the 
cost of a road crossing an abrupt hilly country. The cost 
of this section, rather over nine miles in length with a 
20 foot road-way, is as under : — 



Road works, per mile 



Masonry „ 



tt 



Road surfacing, with excavated materials not 
metalling, per mile 



Total cost of road, per mile 



Total cost metalled 



» 




£ 

376 

491 

74 



941 
1,084 



Another road crossing a deep wet alluvial valley and 
ordinary undulating uplands, and running parallel with 
and neaf a river, thus intersecting the drainage, costs : — 



Road works, per mile 



Masomy „ 



>) 



Road surfacing, with excavated materials not 
metalling, per mile 



Total cost of road, per mile 



Total cost metalled 



ii 




«58 
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Thèse roads are not metalled : their surfaces are formed 
with materials excavated with the pick; a soft rock, 
probably decomposed trap. To métal thèse roads for a 
width of i6 feet, 6 inches in depth, would add Rupees 
1,700, or £iS4i to the cost per mile of each. 

The following is an example of a road running along an 

■ 

undulating watershed on a hard substratum, and therefore 
only requiring a low bank and few drainage works : — 



Road works, per mile 



Masonry „ 



>> 



Road surfacing ,, 



Total cost. 




68 
82 
40 



191 



The estimâtes above glven do not include the cost of 
the engineering, or superintending, establishment. 

Sir Henry Parnell gives the following estimate for 
making part of the Holyhead road near Coventry : — 



First Division. 
Sâven Sfars io Coventry. 
To removing 26,790 cubic yards of earth, at 

9rf. 

To 1,882 lineal yards road making, at 

15J. 6d. 

To 1,882 lineal yards fencing, at 5^ 

To drains 

To forming 

To sodding 

To dépôts 

To bridge 

To side roads 

To gâtes 

To 5,200 cubic yards extra bank, at dd, ... 
To extra carriage of Hartshill stone 



j. 



d. £ s. d. 



1,004 12 6 

1,458 II o 

470 2 o 

SO O o 

100 o o 

100 o o 

48 o o 

670 o o 

20 o o 

800 

130 o o 

81 o o 



4,140 s 6 
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Second Division. 

Coveniry to Allesley. £ s, d, £ s, d, 

To reraoving 38,990 yards earth, at 9/ 1,462 2 6 

To 3,760 lineal yards road making, at 151... 2,820 O 

To 3,760 lineal yards fencing, at 5r 940 O o 

To drains 95 O O 

Toforming lOO O O 

Tosodding 156 O 

To gâtes 16 5 G 

Tosideroads 19 O o 

To AUesley bridge 82 3 6 

To Skew culvert 150 O o 

To dépôts 96 o o 

5,936 II o 

Mile. Yds. 

Length of First Division i 122 

„ Second ,, 2 240 

Total length 3 362 



^^^^P^^"^^^^ {rs. 37,716 

This estimate does not appear to include the cost of 
the superintending establishment. 

Maintenance, 

The following estinlates of the cost of maintenance of 
metalled roads may be found of use. The estimâtes 
apply to a tropical country like India, where the yearly 
rainfall occurs in about four or five months in the year. 
Nothing can be more trying to roads than a long drought 
of several months, during which time the traffic mainly 
occurs. In India the traffic is chiefly confined^to bullock 
carts travelling slowly. Such traffic is very destructive 
to roads. The carts, which are of the rudest manufacture, 
without springs and with great play of wheel, travel at 
night with very little guidance. The bullocks follow each 
other in a string, and as soon as wheel-tracks are visible. 
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the carts invariably follow them. A road is thus soon 
eut Into ruts. 

Rupees 4 per 100 cubic feet is a common rate where 
stone is available in boulders, or from spoil. If stone for 
métal has to be quarried specially, the rate will be 
6 rupees. If the road is a mountain road on which stone 
is plentiful and little carriage is required, the rate may 
be as low as 3 rupees per 100 cubic feet. 

I . Estimate of the cost of metalling a width of 3 feet, 
kJ inches thick (2 inch ring), and one mile in length. 

5280 X è X 3 = ï9^> say 2000 cubic feet. 



2,000 cnbic feet métal, at Rs. 4 and 6 per lOO. 



2,000 



)) 



spreading, at Rs. 0-8-0 



» 



ï S fi40 square feet picking surface, at Rs. O- 1 -6 „ 

'i mile roUing in wet weather, 6 pairs of 
bullocks 12 traverses in 3 days, at 
Rs. 0-12-0 per pair per diem 



330 cubic feet gravel, i inch, at Rs. 3 per 100. 



Contingencies, at $ per cent. 



Total cost of metalling one mile of road, 
3 feet wide 



Rs. 
8000 

1000 

14-85 



13-50 
990 



128-25 
6*41 



13466 



Ï35 



Rs. 
12000 

10-00 

1485 



1350 
990 



16825 
8-41 



176-66 



177 



At 
is. Sd. 

per 
nipee 



{i4Î 



I^our-mile Permanent Road-parties. 

One working foreman and three labourers, per 
month 

Four-mile permanent party per month, per 
mile = «^ 



Rs. 



25 



6i 
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2. Estimate of the cost of a Permanent road-party 
per annum, per mile, with expenses. 



Permanent-party, per year of 9 months, per 
mile 


Rs. 
56-25 
40-00 


Rs. 
56-25 
60-00 


£ 


1000 cubic feet métal, at Rs. 4 and 6 per lOO. 




330 „ gravel at Rs. 3 „ 


9*9 


99 




Sundrics per year of 9 months, per mile, at 
Rs. 18 per party' 


4-S 


45 




V Jr •/,•••.•••••.•••••••••••.• •••.•• 




• 


1 10-65 


130-65 




Contingencies, at 5 per cent 


5-S3 


6-S3 






11618 


137-18 




Total cost of Permanent-party, per annum, 
per mile 


116 


«37 


9i 
l'A 





Note — The Permanent-parties are supposed to be absorbed in the 
gênerai working-parties during three months in the year. 

3. Estimate of the cost of maintaining a 24 foot 
metalled road with a i^ inch coat of métal, and gênerai 
maintenance, per annum, per mile. 



Metalling, 



Metalling ( J^^ j X 8 per mile 



Maintenance. 



Permanent-parties, per mile 



Making up sides 



Clearing gutters. 
Masonry- Works , 



Total cost maintenance, per annum, per mile ... 



Rs. 


Rs. 


1,080 


1,416 


116 


«37 


40 


40 


iS 


iS 


20 


20 


1,271 


1,628 



105 u 

•3SÏ 



21 R 
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4. Estimate of the cost of maintaining a 24 foot 
metalled road with a i ^ inch coat of métal in tv3o years, and 
gênerai maintenance each year, per annum, per mile. 



Meialling, 
Melalling {\li\ X 8 per mile, 



Maintenance. 



First year, as above, per mile 



Second 



» yj 



il 



Total cost maintenance, per anntm:i, per mile... 



Rs. 


Rs. 


1,080 


1,416 


191 


212 


191 


212 


1,462 


1,840 


73ï^ 


920 



60} J 
76Î 



5. Estimate as above, one coat of métal in three years. 



Melalling, 



Metalling, as above, per mile 



Maintenance, 



Three years, at Rs. l ^ \ per mile 



Total cost maintenance, per annum, per mile. 



Rs. 


Rs. 


1,080 


1416 


573 


636 


1,653 


2,052 


551 


684 



4SH 

57 



6. Estimate as above, one coat of métal m four years. 



Melalling. 
Metalling, as above, per mile 



Maintenance. 



Four years, at Rs. < ]^ > per mile 



Total cost maintenance, per annum, per mile. 



Rs. 


Rs. 


1,080 


M16 


764 


848 


1,844 


2,264 


461 


566 



381'* 

471 
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7. Esthnate as above, one coat of métal vafive years. 



Metalling. 
Metalling, as above, per mile 


, Rs. 
1,080 

9SS 


Rs. 
1,416 

1,060 


£ 


Maintenance, 
Five years, at Rs. < «;^ > per mile 








Total cost maintenance, per annum, per mile 


2.03s 
407 


2,476 
49S 


33H 
41} 



Noie, — It is not to be understood by the estimâtes Nos. 4 to 7 that a 
complète coat of métal is to be laid down in one year, but that a road will 
receive a complète coat of métal in Iwo, three, four, or five years. This 
applies also to the estimâtes given below. 

8. Estimate of cost of maintaining a 21 foot metalled 
road with a i^ inch coat of métal, and gênerai maintenance 
per annum, per mile. 



Melalltng. 
Metalline < '^^ > X 7 per mile 


Rs. 
945 

191 


Rs. 
1,239 

212 


£ 


Maintenance. 
One year, at Rs. < ^12 fP^™''^ 




Total cost maintenance, per annum, per mile ... 


1,136 


MS' 


94t 

120ii 



9. Estimate as above, one coat of métal in two years. 



Metalling, 
Metalling, as above, per mile 



Maintenance, 



Two years, at Rs. < ^ \ per mile 



Total cost maintenance, per annum, per mile ... 



Rs. 


Rs. 


945 


ï,239 


382 


424 


1,327 


1,663 


663 


832 



5SJ 
69* 
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I o. Estimate as above, one coat of métal in three years. 



Metalling. 
Met^linor as above. Der mile 


Rs. 
94S 

S73 


Rs. 
1,239 

636 


£ 


Maintenance. 
Three vears at Rs. < " > Der mile •• 




A lllW^ JrwttiOj <*!> xx^. ^ OfO 1 Jf'*'* *B«»4>» ••*•••••*•••••• 




Total cost maintenance, per annum, per mile ... 


S06 


1.87s 
625 


42i 

52t^ 



1 1 . Estimate as above, one coat of métal m four years. 



Meialling. 
Metallinc:, as above. per mile 


Rs. 
94S 

764 


Rs. 
1,239 

848 


£ 


Maintenance. 
Four years, at Rs. S 012 v P^*" "^*^^ 




Total cost maintenance, per annum, per mile ... 


1,709 

427 


2,087 
522 


3StV 
43i 



12, Estimate aiS abowe, one coat of métal in ^z;^ years. 



Metalling. 



Metalling, as above, per mile. 



Maintenance. 



Five years, at Rs. < ^ \ per mile 



Total cost maintenance, per annum, per mile .•. 



Rs. 


Rs. 


94S 


1,239 


955 


1,060 


1,900 


2,299 


380 


460 



31Î 

38i 
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13. Estimate of the cost of maintainîng an 18 foot 
metalled road with a i^ inch coat of métal, and gênerai 
maintenance, per annum, per mile. 



Metalltng, 



Metalling ^ ,^^ ? X 6 per mile. 



Maintenance. 



One year, at Rs. < ^ > per mile 



Total cost maintenance, per annum, per mile... 



Rs. 


Rs. 


810 


1,062 


191 


212 


1,001 


1,274 



83tV 
io6i 



14. Estimate as above, one coat of métal in two years. 



Metalling, 
Metalling, as above, per mile 



Maintenance, 



Two years, at Rs.< ^ >per mile 



Total cost maintenance, per annum, per mile... 



Rs. 


Rs. 


810 


1,062 


382 


424 
i486 


1,193 


596 


743 



491 
6i« 



15. Estimate as above, one coat of métal in three years. 



Metalling. 
Metalling, as above, per mile 


Rs. 
810 

573 


Rs. 
1,062 

636 


£ 


Maintenance. 
Three years, at Rs. < "^ >per mile •.... 




1 21Z j 




Total cost maintenance, per annum, per mile. . . 


«.383 
461 


1,698 
566 


38A 

474 
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i6. Esttmate as above, one coat of métal in^wr years. 



Metalling. 
Metallinc:. as abovc. per mile 


Rs. 
8 10 

764 


Rs. 
1,062 

848 


£ 


Maintenance. 
Four years, at Rs. < ^ > per mile 




y-*«««M| «c^ AA^j. -| (y w ij, f r^ »**«">i» ••••••*•»••>••. 




Total cost maintenance, per annum, per mile... 


1,574 
393 


1,910 
477 


% 



1 7. Esttmate as above, one coat of métal mjive years. 



Meialîing, 



Metalling, as above, per mile 



Maintenance^ 



Five years, at Rs. \ ^ 12 \ P^^ ^^'^ 



Total cost maintenance, per annum, per mile... 



Rs 


Rs. 


810 


1,062 


9SS 


1,060 


1,76s 


2,122 


3S3 


424 



29iV 

35 i 



As regards the cost of maintaining roads, which, not 
being metalled, hâve their surfaces of gravel, sand, or 
soft stone, the foregoing estimâtes provide sufficient 
information for the préparation of estimâtes to suit any 
ordinary case. The cost of surface material in use has 
only to be substituted for the item of metalling. 
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ROAD BRIDGES. 

I. — General Remarks — Masonrt Bridges — Iron Bridges — ^Timber 
Bridges — ^Trussed Girder Bridges — Average Plans — Afflux. 

II. — ^ThEORY OF THE EFFECTS PRODUCED BY LOADS ON PlAIN AND 

Trussed Girders — Dead Load— Live Loads — Comparison of 

LiVE LrOADS AND FORMULiE — ^ElCAMPLES OF CoMPARISONS OF LiVE 

Loads — ^Train of Vehicles Live Load — ^Examples — ^Table of 
LivE Loads Formula. 

III. — Strains on Beams — Bending Moment — Moment of Résist- 
ance — Beam Dimensions — Beams under two Strains — Réduc- 
tion OF Live Load to Dead Load — Dimensions of Pillars 

AND StRUTS-^GoRDON's FORMULJE— SeCTIONS OF IrON BaRS UNDER 

Tensile Strain— Length OF Intermediate Supports of Trussed 
Girders. 

IV. — Deflection of Beams — Formul.k. 

V. — Strains on Trussed and Raking Strut Girders — ^Tables of 

Strains. 

VI. — WooDEN Girders — ^Examples of Five différent Live Loads 

APPLIED TO EACH FORM OF GiRDER. 

VII. — Table of numbered Formula — ^Table of Dimensions of parts 
OF Girders required to support différent Live Loads — 
Table of Weights and Strengths of Materials. 

VIII. — Afflux caused by Bridges, with Tables and Formula. 

I. 
GENERAL REMARKS. 

Of ail the constructions which fall withîn the province 
of the profession of an engineer, none possess a more 
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varied character than those which are designed to carry 
roadways across rivers, streams, and valleys. Construc- 
tions of this nature are of infinité variety both of form, 
and material, and it is natural that they should assume a 
diversity of size, design, and mechanical arrangement, 
when the conditions which hâve to be regarded are con- 
sidered. Roads are works of such practical utility, and 
hâve to be supported over so many bridges, the'engineer 
is bound to be economical, and to adopt forms for his 
structures which will give the requisite strength at the 
least cost. To ensure economy the engineer will utilize 
as far as possible such suitable materials as may be 
available in the country traversed by his road. In a 
forest country timber will be freely used in the construc- 
tion of bridges; while the présence ofgood building stone 
will naturally suggest the employment of that material in 
an open country. Where a country is alluvial, and stone is 
not readily available, brick will probably be found suit- 
able ; and where the soil is deep, and foundations at 
streams are not to be secured economically by the use 
of stone, or brick, screw-pile structures of iron may be 
adopted with advantage. If ail the materials mentioned 
are equally available, the engineer will hâve to cônsider 
well the cost of his designs in each, giving a préférence 
to those which are likely to be most permanent. 

MASONRY BRIDGES. 

As regards permanency, it is scarcely necessary to 
observe that masonry bridges, if properly designed and 
built, are monuments for ail time. As respects strength 
or résistance to crushing, stone-masonry has more than 
double the strength of brick-masonry ; but if weak, or 
ordinary, sandstone, for example, has from twice to four 
times the strength of good brick, some of thèse stones 
weather more than brick, even if their quarry bed is 
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preserved. For bridges stone-masonry is to be preferred 
to brick-masonry, as having superior strength. Rubble- 
stone bridges are cheaper than brick bridges. 

IRON BRIDGES. 

Iron bridges can only be regarded as temporary struc- 
tures when compared with the durability of masonry 
bridges. Iron bridges, however, if well preserved, are so 
far permanent, that owing to the advantages they possess 
in ensuring stability on soft yielding subsoils, and in the 
adaptability of the métal for the composition of girders 
of large span, they are, at the présent time, more freely 
used by engineers than any other form of bridge structure 
where large water-ways hâve to be provided. For large 
water-ways where firm foundations for masonry piers are 
obtainable, the employment together of masonry and 
iron, in piers and girders, is one of common adoption. 
Nevertheless the strain on a long girder of iron however 
framed is so great, and the oxidation of the métal in 
process of time so certain, that iron bridges cannot be 
regarded as monumental, although they are usually classed 
as permanent structures. 

TIMBER BRIDGES. 

Timber bridges are less permanent than those of iron. 

In process of time, timber, however well framed, and 

cared for, decays. This is especially the case where the 

beams are in contact or enclosed in masonry excluding 

the air. Some timber decays rapidly when submerged 

in water, or when sunk in the beds of streams. Other 

timber decays above, and is preserved below, ground. 

Ail timber swells with wet, and contracts when the air is 

dry ; framed timber therefore suffers at the joints, and 

the oxidation of iron bolts assists the decay. After 
22 K 
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a few years fréquent repairs to framed timber bridges are 
the rule, and, where they are well cared for, in process of 
time, they may be compared with the schoolboy's knife 
which has had several new blades, and a few new handles. 
The famous satinwood timber bridge of 205 feet span 
at Peradenia in Ceylon is a notable example. This 
bridge, said to hâve cost ;^ 100,000, requîres renewal 
every seven years. Its yearly maintenance costs a 
sum which should be sufficient, at the présent time, 
for the construction of a new bridge of permanent 
character. 

In Indîa, in conséquence of the temporary character of 
the timber bridges which were erected in many parts of 
the country one or two générations back, bridges construct- 
èd solely of timber are not in much favour. Many of 
the old timber bridges hâve been renewed in stone, brick 
or iron. Timber bridges of any great span are not now 
in vogue, and where that material is employed alone, 
moderate spans on the raking-strut principle are pre- 
ferred. Teak-wood bridges of this character wîll last 20 
to 30 years. 

TRUSSED-GIRDER BRIDGES. 

For bridges of wood and iron combined, the trussed- 
gîrder principle is excellent. Thèse girders are of very 
simple character. Timber scantlings not exceeding 14 
feet in length, 12 by 16 inches square, and 2 inch rod iron, 
will make trussed-girders for a span of 48 feet to carry 
any road load. No castings are needed ; and as the rod, 
or bar, iron carries the weight principally, and the timber 
only occupies a secondary position, has no framed joints, 
and is readily renewed, thèse bridges are to be classed 
more as semi-permanent, than as temporary, structures. 
Serious damage to thèse bridges arising from decay 
or faulty material is readily to be observed by an inspec- 
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tor ; for a dépression in the roadway, or a broken tie rod 
cannot well pass notice. The iron work is also in a 
sheltered position, and very accessible to the usual means 
of préservation of that material. 

Timber superstructures, or superstructures of timber 
and iron, should always, when possible, be carried on 
masonry substructures, Timber substructures are un- 
satisfactory owing to the expansion of that material in 
wet seasons in the direction of the fibre, and to the varia- 
tions in exposure to air and water to which they are 
subjected. 

The disadvantage of the employment of the trussed- 
girder is, that in case excessive floods should reach 
the legs, the girders may be damaged, or the whole 
structure of the roadway may be carried away. Thèse 
girders hâve less strength to resist the pressure of 
water, and the impact of floating bodies in the water, than 
those of other forms. The raking-struts of the super- 
structure of timber only are also liable to be submerged 
in extraordinary floods, and to be damaged by floating 
bodies ; but they are able to offer a greater résistance 
than the trussed-girder with legs. In a forest country 
where timber naturally forms the material for bridges, and 
where the rivers and streams in flood time carry large 
quantîtîes of floating timber and brushwood, it is very 
necessary that the danger above mentîoned should be 
guarded against. Timber bridges, therefore, whether on 
the raking-strut, or trussed-girder, principle, should hâve 
their superstructures wel^ raîsed above the highest flood 
level. A clear height of 6 feet is recommended, but this 
height may vary according to the certainty or uncertainty 
attending the détermination of the flood level in each 
particular case. 

Girders of timber only, framed after the figure of the 
trussed girder reversed, which is that of a queen-post 
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truss, might be considered to obviate in a measure the 
risk attending the employment of raking-stnit, or trussed, 
girders, which présent points of weakness if in danger of 
being reached by the high floods which may occur either 
after long continued wet weather, or from sudden freshets 
produced by heavy storms. Such girders permit the 
adoption of lower abutments, and piers, as the framing 
does not fall below the horizontal tie-beam which rests on 
the masonry ; but the queen-post truss nécessitâtes the 
joints, and framing, which, as already stated, are objec- 
tionable for employment in climates which hâve much 
variation in température and humidity. Besides this, as 
the queen-post truss is above the roadway, only two 
girders can be used, and the whole weight of the road- 
way being carried on two girders, thèse require to be of 
great size-and strength. Moreover, additional transverse 
girders are needed to carry the roadway, which, if of usual 
width, nécessitâtes a figure of frame which must fall below 
the horizontal line of the queen-post tie-beam. 

AVERAGE PLANS. 

In the préparation of plans and estimâtes for the drain- 
age Works on a road, it will be sufficient to prépare 
average plans for drains, culverts, and small bridges. 
For streams of shallow depth and great proportional 
width, or having high banks and deep beds, or requiring 
waterways over 30 or 40 feet, spécial designs will be 
needed. 

AFFLUX. 

In order to secure sufficient waterway for streams, and 
to avoid the unnecessary expense of providing larger 
waterways than are absolutely necessary, calculations for 
the afflux which will be caused in each case by the con- 
struction of bridges across such streams should be made 
on carefully prepared data. 



ROAD BRIDGES. 173 

• II. 

THEORY OF THE EFEECTS PRODUCED BY LOADS ON 
PLAIN, AND TRUSSED, GIRDERS, WITH FORMULEE 
FOR DETERMINING THE DIMENSIONS OF THE SEVERAL 
PARTS, PRACTICALLY CONSIDERED. 

The dead-\o3id on a bridge is the weight of the structure 
itself, and of the road-way supported by it. From the 
nature of this load it is taken as one uniformly distributed 
over a bridge. 

The lîveAodià on a bridge is the moving load pass- 
ing over it. In calculating the dimensions of the 
several parts forming the superstructure of a bridge, the 
heaviest live-load which is likely to traverse it should be 
taken. 

Live-loads are of varied character. They comprise the 
weight of stone, iron, and steam, rollers in motion; the 
weight of a crowd ; the weight of laden éléphants ; the 
weight of a train of carriages in motion, &c. A certain 
weight per foot-run of a bridge is very commonly adopted 
as a live-load ; but it should be borne in mind, that to 
make bridges of différent spans of equal comparative 
strength this description of live-load must vary with the 
span. To take the same live-load per foot-run for spans 
great and small would be to give large spans too great, or 
small spans too little, strength. 

Mr. Unwin, in his work on Iron Bridges, recommends 
live-loads for railways as under : — 

For spans of 25 feet, a live-load of 2 tons 

60 „ ,) li M 

per foot-run for each line of way. 

The effect of a moving-load is so much greater than 
that of a dead-load of the same weight, that différent 



?> 

n 
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factors of safety should be applied to thèse loads. Thus, 
the liveJoad should be multiplied by tZ:!^:^^"^ . i" 
order to bring them both to similar conditions. This 
fraction is generally V* for timber, i for iron, and f for 
masonry. 

Live-loads on bridges may be classified as follows :— 

Firstly. — ^The live-load of a weight per foot-run of 
road-way. 

Secondly. — The live-load of a weight per square-foot 
of road-way. 

The abovementioned live-loads are readily reduced to 
dead-loads. 

Thirdly. — ^The live-load of a single moving-load, such 
as a road-roller, or vehicle on two wheels. 

Fourthly, — The live-load comprised of two or more 
loads moving at fixed distances apart longitudinally ; such 
as steam-roUers, éléphants, vehicles on four wheels, trains 
of vehicles. 

The last two descriptions of live-loads require réduc- 
tion to dead-load by calculation ; for the greatest bending- 
moment is produced when the heaviest portion of a 
combined load is at the centre of a span, and as the 
heaviest load approaches the point of support, this 
moment is reduced, and finally vanishes. 

To compare thèse several live-loads they must be re- 
duced to similar terms. 

Case I. — ^To compare the live-loads, 
\st load^ per foot-run of road-way. 
2nd load, per sqtcare-foot of road^uoay. 
The loads beîng fixed, the width of the road-way second 
load will vary. 

Let Z = tons per foot-mn of road-way. 
W = Ibs. per foot-square of road-way. 

/ ^ spaa. 
B = width of road-way in fcet. 
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Then first load = Zlbs. X / = j9W7, ihe second load. 



ï75 



. 7? -* ^^40^ (1) 

When the width of road-way in any example exceeds 
B in this équation, Z and IV, being given, the live-load 
of a square-foot of road-way is gréa ter than the live-load 
of the load per foot-run. When the width of road-way in 
any example is less than B, the load per foot-run is the 
heaviest live-load. 

Case 2. — ^To compare the live-Ioads, 
isi load, per fooUrun of road-way. 
yrd load, a single rolling weight. 
Theweight to be borne by the girders of a bridge supporting 
the single moving-load may be determined as follbws : — 

FIG. I. 



X 




Let w = weight of roller per foot-run in tons. 
X = length of roller in feet, less than id. 
d = distance between girders în feet. 
The roller, when its centre is over the centre of a 
girder, produces the following effects : — 

The half-weight of the roller = — w,bearing on the centre 



(, X y OCW 



- X 
4 ^ 



xw 



xhv 



ing on the adjacent girder with a weight of ^ — =-g^ 



weight on the centre girder is ^^ (2; 



x^w 
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The other half of the roller bears upon the centre, and 
side, girders with an equal weight. Therefore, the total 

4^ 
and on each adjacent girder is -^ 

The centre girder thus carries the greatest weight, 
which weight each girder should be capable of sustaining. 

In making a comparison between the first and third 
live-loads, the loads being fixed, the span = / will vary, 
Equating the loads first and third on a single girder at 
its centre, 

2 ^ B'^ 4d 

... ^ = ; = ^-a-" ) - « 

When the span exceeds / in the équation (3), the first 
live-Ioad per foot-nin of road-way exceeds the third 
live-Ioad, a single rolling weight. When in any example 
the span is less than the value of /, the third live-Ioad 
is the heaviest. 

Case 3. — To compare the live-loads, 

2nd loady per square-foot of road-way. 
^rd had^ a single rolling weight* 
The loads being fixed, the span will vary. 



Since 



Wions 



X i^d^'^ESAÉçZ^) 



\d 



• span-/- ^^^^""^ ) (4) 

•• ^P^-'-2frtonsi« 

When the span exceeds the value of / in the équation 
(4), the second live-Ioad, that of a square-foot of road-way, 
exceeds the third live-Ioad, that of a single rolling weight. 
When the span in any example is less than the value of /, 
the third live-Ioad is the heaviest. 
Case 4. — To compare the live-loads, 
\st load, per fooUrtm of road-way. 
^th load, of steam^rollers consisting of two loads 
nioving at fixed distances apart. 
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Before a comparison between thèse live-loads can be 
made, it is necessary to investigate the problem of a 
live-load which consists of double travelling-loads moving 
at uniform distances apart. 

A steam-roller consists of three wheels which are 
rollers. One wheel or roller in front is followed by two 
in rear placed transversely, so that in rolling the rear 
wheels overlap slightly the track of the front wheel, or 
roller, and a roUed track of about 6j feet in width is 
obtained. 

The three rollers are of the same diameter, and weight, 
per unit of length. The single front-roller is of greater 
length than the other two, which are of equal length. 

Let w =- the weight per unit length of the rollers. 
b = length of the front-roller. 
y = length of each rear-roller. 
c = wheel-base. 

a =■ distance between the two rear- rollers. 
d ■= distance between two girders gg. 

Fio n . 



h' 



a 



h' 



d 



It is assumed, that the total width of the steam-roller 
is less than twice the width between two girders. The 
weight of the roller is therefore carried by three girders, 

23 R 
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as it is assumed that the transverse joists, or rafters, being 
of varying lengths, rcst upon two girders. 

To find the re-action, or effect, of the front-roller on 
the girders. This re-action is equal to the load the 
girder will hâve to carry. 

Fie. m. 

FRONT UOAD 




hfW 



The weight on cach sidc of the centre girder = -— at 



a distance — from the centre girder. 

The efîect of this load on the centre girder = 



-î 



hw 



= ^(4^—^), on the adjacent girder = ^ X 



4 
d 



hw 






The effect is the same on the other side. Therefore, the 
total load on the centre girder = ^ r~ i and on each 



adjacent girder = -g^. 



Ad 



F I G. IV. 



R £ A R 



L O A D 6. 
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The reaction or effect of the two fear-rollers on the 
girders will be as under : — 

One rear-roller = Vw, and this weight may be taken 

at a distance ûf - + - from the centre girder. 

The effect of this load on the centre girder = ^ 

X ^zf; = -^^ — ^f' ~ — ^, and on the adjacent girder = 

; X b'w = i— i-. 

d 2d 

The effect of the second rear-roller is the same. 

The total effect of the two rear-rollers on the centre- 

girder = ^ ^^ ~~f~^ > ^^^ ^" ^^^^ adjacent girder 

_ b'w (a -¥ à') 
— 2d • 

The centre-girder has thus to carry the two loads 



bw {Ad— b) ^ ^ ^^^ ^^^gg^ iQj^ 

4d ' 

b'w(2d-a — b')_ jy^ the smaUest load 
d 



(S) 



.(6) 



which move at a distance c from each other. 

The effect, or bending-moment, on the girder of thèse 
two travelling-loads is greatest when the greatest load, 
which is the front roller W^ is on the centre of the beam. 



FIG. V 




B 
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When / is greater than 2^, and the heavier front roller 
is at the centre of the beam AB, the bending-moment 
at the centre of the beam = 

I WJ_ ^^« (2 ~ j /_ _ W^l + W^(J—2c) 

^^-" L 2/ •*■ / J2 "" 4 

When / is less than 2c, and when ff^i is at the centre, 
W2 will not rest on the beam, consequently, the greatest 
bending-moment on the beam will be produced by W^i, 

and is equal to — -^. 

4 

In order to compare the live-load of a steam-rollerwith 
the first and second live-loads mentioned, the ton per 
foot-run and crowd live-loads, it is necessary to reduce 
the two loads of the steam-roller to one load at the 
bèam centre. 

Wi is already at the centre of the beam. Required to 
find the équivalent load at the centre to W^ placed at a 
distance c from it. 

The bending-moment of IV2 at the centre = 



}\\ (2""^) l _W^{l — 2c) 



l ^2 4 • 

The bending moment of a weight W at the centre of 

the beam = — , so equating the two 

Wl _ W^ (/ — 2C) 
4 ■" 4 

The total weight, therefore, of the front, and rear, 
rollers of the steam-roller at the centre of the beam = 
W, + W 

^ W^ + ^^^^^-^'^ (7) 

_ I {w^ + w;) — 2\\\ c 

The comparison in this case between the live-loads 
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first and fourth is, therefore, W^,, ^P^, and Z, in tons, and 
/?, c, /, d^ in feet : — 

zdi _ i(iv^ + w )— 2 n\c 

2B ^ I 



• /= I ^lAKi^^J^^iï - j^,Jh_,Bjjr^^hjv,) ...(8) 

N/ Z'd* Zd ^ Zd 

When the span exceeds the value of / in équation (8), 
the first live-loadperfoot-run of roadway exceeds the fourth 
live-load of a steam-roller. When, in any example, 
the span is less than /, the steam-roller live-load is the 
heaviest. 

Case 5. — To compare the live-loads, 

2nd load, per square-fool of roadway. 
^th loadj of a steam-roller, 

The loads being fixed, the span will vary. Equating 
the two effective loads ; 

Wdl _ l(^\\\ + Pr,)— 2HV 
2 / 



... i = //i^LjîiJ^ V - "^y-' + iîl+Jîj co) 

'^ V Wd / Wd Wd ^^ 

In which IV, Wi, IV2, are in similar terms, tons, cwts., 
or Ibs. ] l, dj c are in similar terms, feet, or inches. 

When the span exceeds the value of / in the équation 
(9), the second live-load per square foot of roadway 
exceeds the fourth live-load, that of a steam-roller. 
When in any example the span is less than /, the steam- 
roller live-load is the heaviest. 

Case 6. — To compare the live-loads, 
^rd loadj a single rolling weight, 
^th load, a steam-roller. 

In this case it is merely necessary to compare the 
effective loads on a girder of the two live-loads. Thus 
the effect of the third load is expressed by the équation : 

xw {4d — x) (2) 

4d 
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That of the fourth load, 
when c is greater than -, by 

when c Is less than -~» by 



W, + J?!L (r-lO 



(7) 



Examples in illustration of the foregoing 
theoretical considerations of the com- 
parative effects produced by different 
classes of live-loads, as follows : 

\st live-loady one ton per fooUrun of road-way^ Z. 
2nd lîve-loady a crowd at 120 Ibs, a square-foot of 

road'Way = W tons, 
^rd lîve-load^ a 4 ion road roller at one ton per foot^ 
run, 

Where x = length of roller in feet. 

uo = weight of roller per foot-run in tons. 
4/Â live-load^ an 8 ton steam-roller, 
^th h've-loady a 10 ton steamer oller. 



Steam-RoUers, Weights, and Dimensions. 



W 
h 

a 



Weight per inch-run of roller 



Length of front-roUer 



Length of each rear-roller 



>•• 



Distance between two rear-rollers 



Whcel-base of rollcrs 



8 ton. 


•h ton 


46 inches 


17 n 


42 ,, 


94 „ 



10 ton. 



i ton 
47 inches 

43 » 



"S „ 



B = breadth of road-vvay = 19 feet = 228 inches. 
d = distance between girders = 4 feet = 48 inches. 
/ = span of bridge, or length of a girder. 

Case \ , — To compare the live-loads, 

isl IhW'loady one ton per foot-run of road-ivay ^ Z . 
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2nd live-load^ a crowd at \20 Ibs, per square-foot^^ ÎV, 
By Eq. (i) 

224OZ 2240 „ , 

Therefore, when the breadth of road-way equals i8§ feet, 
the effect produced by the two live-loads is the same. 

When the breadth of road-way is less than i8§ feet, the 
effect of the first live-load, a ton per foot-run, is greater 
than that produced by the second live-load, that of a 
crowd at 1 20 Ibs. per square foot of road-way. 

Whfen the breadth exceeds iSf feet, the live-load of a 
crowd is the heaviest. 

Case 2. — To compare the live-loads, 

isi live-load^ one to7i per fooUrun of roadway =Z. 

2rd /tve-load, a ^foot roller weighing one ton per 
foot-run. 
Effect on a plain girder. 
By Eq. (3) 

^ Bxw (4d — x) 

_ 19 X 4 X I (4 X ^ 4) _ 57 _ ^o, . , 
2 X I X 16 T = 2^^ ^^^• 

Therefore, when the span is 28^ feet, the effect pro- 
duced by each of the two live-loads is the same. 

When the span exceeds 28^ feet, the first live-load 
exceeds in effect the third live-load, and vice versa. 

Case 3. — To compare the live-loads, 

2nd live-load^ a crowd at 120 Ibs. per square foot 
= W tons. 

^rd hve-toady a 4 ton road-roller. 
Effect on a plain girder. 
By Eq. (4) 

_ . y W (4</ — x) 

= 4X 1(4X4-4)^ i6 ^3 ^^^ 

. 120 ^ 2 =5 

2 X i^ X 16 
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Therefore, when the span is 28 feet, the efïect produced 
by each of the live-loads is the same. 

When the span exceeds 28 feet, the second live-Ioad 
exceeds the effect of the third live-load, and vice versa. 

Case 4. — Example i . — To compare the live-loads, 

\st live-load j one ton per fooUrun of road-way =^ Z . 
^th live-load^ an 8 ton steam-roller. 

Effect on a plain girder. 

By Eq. (5) 

_ bw (^d — b) _ 46 X 0-1(4 X 48 — 46 ) . 

•^^ "" 4^ 4 X 48 

46 X 146 

" = 3'S tons nearly. 
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By Eq. (6) 

I/w {2d—a —y) _ 17 X O'i (2 X 48 — 4^— 17 ) ^ 

17 X 37 
= g — - = 1*31 or If tons, nearly. 

By Eq. (8) 

V Z^(p Zd Zd 



= // I9(^ -f ») \'- 4 X 19 X t X V , î9(i 4- j ) 
'^\lX4/ 1x4 ^1x4 

. _ / 361 X84i _ 1786 ^ ssi 
V 575 9 24 

= i8'i2 + 22*95 =r 4107 feet. 

Therefore, when the span is 41 feet, the effect s pro- 
duced by each of the two live-loads will be the same. 

When the span exceeds 41 feet, the first live-load is 
the heaviest. When the span is less than 41 feet, the 
fourth live-load is the heaviest. 

Example 2. — To compare the live-loads, 

\st live-load^ one ton per foot-nun of road-way ^ Z . 

^th live-load^ a 10 ton steam-roller , 
Effect on a plain girder. 
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By Eq. (5) 



_ bw (4^— ^) _ 47 X i(4 X48 — 47) 

•^^ "" 4^ "" 4 X 48 

47 X 14s 
= '1536 = 4-437 tons. 

By Eq. (6) 

_ 3^«;(2^-~a — y) _ i6i X t(2 X 48-.43-.1 6f) 

= 8 X48 = 1568 tons. 
By Eq. (8) 

^ - J Z^cP ZT Zd 

-. / / i9 (4437 + 1-568) y 4 X 19 X 1-568 X vv 10 (4-437 +1-568) 

J \ 1x4 /— 1X4 "^ 1x4 

_ / 361 X 3606 — 4568- 1066 I 19 X 6-005 

"V is ^ — i — 

= 22-98 + 28-52 = 51*5 feet. 

Therefore, when the span is 51^ feet, the effect pro- 
duced by each of the two live-loads will be the same. 

When the span exceeds 5 1 i feet, the first live-Ioad îs 
the heaviest When the span is less than 51^ feet, the 
fifth live-Ioad is the heaviest. 

Case 5. — Example i. — To compare the live-loads, 
Q,nd live-Ioad^ a crowd at 1 20 Ihs, per square foot of 

road-way = W tons, 
^th live-Ioad^ an 8 ton steam-roller. 
By Case 4, Ex. i , 

W^ = 35 tons, W% = i\ tons. 

By Eq. (9) 



U W, + W. y ^W,c . W,+ W, 
«s/V Wd )— Wd ^ Wd 

^ v(i^X4) 



«° X4 ,-^+4 



2240 ^ '^ 2340 ^ ^ 2240 

_ //2Q3\*— 5^ 4. ?23 
kJ\ 9 / 27 9 

= 7 ^5417 . ?03 », '59'42 , 203 
/ "g?" "^9 9 "^ 9 

= 3^2-42 _ ^^.^6 feet. 
9 

24 R 
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Therefore, when the span is 40J feet, the effect pro- 
duced by each of the live-loads will be the same. 

When the span exceeds 40:^ feet, the second live-load 
is the heavîest. When the span is less than 40J feet, the 
fourth live-load is the heaviest. 

Example 2. — To compare the live-loads, 

7Md live-loady a crowd at 1 20 Ibs. per square foot = W 
tons. 

^th live4oady a 10 ton steam-roller. 
Efïect on a plain girder. 
By Case 4, Ex. 2, 

W^ = 4'437 tons, W^ = 1-568 tons. 
By Eq. (9), 

■"V \ Wd J Wd "^ Wd 
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4-43 7 + i'568 v' ^ ^ ''^^^ X "^^ 4-437 + 1568 

I30 ^. , I Î2Ô TI ' 120 



2240 ^ ^ / 2240 '^ 4 ji^ X 4 



^ / 313^ X 3606 _ 40391-68 . 56 X 6'OOS 
^V 144 144 "^ 12 

12 12 

= 50-48 feet. 

Therefore, when the span is 50^ feet, the eflfect pro- 
duced by each of the two live-loads will be the same. 

When the span exceeds 50^ feet, the second live-load 
is the heaviest. When the span is less than 50^ feet, the 
fifth live-load is the heaviest. 

Case 6. — To compare the live-loads, 

^rd live-load, a ^ton road-roller at i tonper foot-run. 

\th live-load^ an 8 ton steam-roller, 

^th live-loady a 10 ton steam-roller . 
The effect produced by the third load by Eq. (2) 

_ xw (4d — x) _ 4 X I (4 X 4 — 4) « , ions 
4ft 4X4 
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The effect produced by the 4th load by Eq. (5), 
when c is greater than - 

_ ^ _ hw{Aà—h) _ 46 X O'i (4 X 48 — 46) _ ..- jQjjg 

' Ad 4 X 48 

The effect produced when c is less than -, by Eq. (7) 
and by Case 4, Ex. i 

W il nA 

= PTi + — ^^-^-7 > which is greater than 3*5 tons. 

The effect produced by the 5th load when c is greater 
than -', by Eq. (5) 

^W^^ ^(4^-^) = 47X1(4X48-47)^ 4.^37 j„^. 

4^ 4 ^ 48 

The effect produced when c is less than - , by Eq. (7) 
= JTi + —^-^ — -j —* which is greater than 4*437 ^o^- 

Therefore, in ahy case the live-loads of 8, and 10, ton 
steam-rollers will produce greater effects on the girders 
of a bridge than the 4 ton road-roller. 

Formulœ for the effect produced by a live-load consisting 

of a train- ofvehicles. 

In the case of a railway train, a girder of a bridge 
placed under each rail has to sustain half the weight 
of the load. 

In the case of a train of road vehicles, when the 
transverse distance between each pair of wheels is equal 
to, or exceeds, the distance between the girders of a 
bridge, the greatest weight a girder has to sustain is half 
the weight of the load. When the transverse distance 
between each pair of wheels is less than the distance of 
the girders apart, each girder may hâve to sustain a 
greater proportion than half the load. 

When the road, or railway, vehicles hâve one, two, or 
more pairs of wheels each, the value of W in the follow- 
ing formulae is equal to half the load of a vehicle, provided 
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the distance between the girders is not greater than the 
guage of the wheels. 

If the distance between the gîrders exceeds the guage 
of thé wheels, then the value of IV 

= tt; + (^^')w (10) 

Where w = half the load. 

d = distance between gîrders. 

d^ = guage, or distance between wheels. 

When a train of vehicles passes over a girder-bridge, 
the maximum bending-moment occurs at the centre of the 
girders when the centre vehicle of the train is at the 
centre point of the girders, the loads being equal, and 
equally distant apart. 

Let m = the number of vehicles on each side of the 
centre vehicle which is at the centre of the girders, 

c = the distance of the vehicles apart from centre to 
centre of each vehicle, 

/ = the span, 

Then (2m + i) = the number of loads on the girders each = W. 

The re-action on each pier will be 
je= j + j + j 

+ j + j + -i + -^ 



+ ^(4-0^ ^(i - ^0_L ^(i - 3^ ) 



+-^^ — '-+ 



&c. 



/ 



, W{{ - (« - 2) f) W({- (« - i)f) w{{ -me) 

+ -l + -i + 7 

_ W{^—+ ^ ) ,W, ^y— - 2 ) 

1 +T + 1 — 

-.Wy W X 2ml W_ 2Wm 

2 2/ ~ 3 ' 2 

_ ^ (2m + 1) _ ^ 
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The bending-moment on a girder at its centre 

=:^_iLi£^±_L) ^L_Wmc—W(m—l)c—W{m—2)càc. 

— FT (wî — m") c 

— Txr ( 2»i •+" 1 ) / W ^ m {m -¥ \) c 

4 3 

„,f / (2.W + 1 ) CT (W + l ) C 1 
= W\ 5 —5 j 

The moment for a single load at the centre of a 

girder = . 

Therefore to find a single load at the centre of a 
girder = {2m •\' \) W. 

Load X / s= FF ( ^(2»g+ _ mjm^r ^) c 1 
4 l 4 2 J 

or load = L 4 _ 2 / 

PT |/(2wï+ I) -2w(/w+ i)r j 
= 7 

When the girder is plain, the weight per foot-run on a 
girder 

2Fr I / (2;»+ — 2/w (»2+ i) f} . . 

= ?^ 

The weight per foot-run of the whole train of vehicles 
on two girders of a bridge 



4W l i (2m + l) — 2m (m+ l) c | 



, (12) 

The weight per foot-run of a road-way carrying one or 
more trains of vehicles 

^ 2W ^ l(2m+i) — 2m{m+ i)c'^ ^^^^ 

EXAMPLES. 
I. A train of waggons, each 20 feet in length, and 
weighing 10 tons, on four wheels, crosses a girder bridge 
of 100 feet span, each rail of the way having a girder 
beneath it. 
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Required the live-load over each girder and line of way 
per foot-run. 

In this case the whole weight of a waggon may be 
taken as concentrated at two points, one on each line of 
rail at the waggon centre. 

There will be 5 waggons on the span, one in the centré, 
and two on each side of the centre waggon. 

»i = 2 waggons on each side of centre waggon. 

r =3 20 feet distance 6f the waggons apart from centre to centre. 

/ = 100 feet. 

By Eq. (11), 

The weight per foot-run on a girder 

2W l l(2m+ i) — 2m(m+ i)c \ 

3 X s I 100 (2 X 2 + l) — 2 X 2 (2 + I) 20} 
^ lOOOO 

= j6oo ^ .^5 jQj^ 

lOOOO 

The weight per foot-run of the line of way, by Eq. ( 1 2) 

4W< l {2m +1) — 2m{m-\- i) c \ 

= ? 

= '26 X 2 = "52 tons. 

Therefore the live-load per foot-run on çach girder = '26 
tons = \ ton nearly. 

The live-load of a line of way per foot-run = '52 tons = 
\ ton nearly. 

2. A string of carts on two wheels each, each cart 
weighing one ton, the carts 1 8 feet apart, the cart wheel 
guage 3f feet, crosses a girder bridge of 100 feet span, the 
girders 4 feet apart, and the width of road-way 19 feet. 

Required the heaviest live-load per foot-run of a girder, 
and also per foot-run of road-way. 

The greatest load on a girder is when one wheel of the 
string of carts is directly over it. The wheel guage being 
less than the distance between girders, the girder bearing 
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one lîne of wheels is also subjected to the additional weight 
of a proportion of the weight on the other line of wheels. 
The total weight of a cart on one girder, by Eq. (10), 

_ , . i (48-45 ) 

= é + tV = T% tons. 
There will be five carts on the span, one in the centre, 
and two on each side of the centre cart. 

W=^ tons. 
m =: 2 carts. 

r =18 feet. 

/ = 100 feet. 

By Eq. (11), 

The weight per foot-run on a girder 

2W li{2m + l) — 2m(m+ l) c\ 

^-^1 100 (2 X 2 + I) — 2 X 2 (2 + I) 18 j 



lOQOO 



= lili =-u 



5112 tons. 

lOOOO 

By Eq. (13), 

The load per foot^run of road-way 

2Bwl l{2m + l) — 2m(m+ l) c \ 
= dT 

= •5112 X i2-= 2-4282 tons. 
4 

Therefore, the live-load per foot-run of one girder = 
•5 1 1 2 tons = i ton nearly. And the live-load per foot- 
run of the bridge road-way = 2*4282 tons = 2^ tons nearly. 
Practically, however, the load on a 19 foot road-way 
would not exceed twice, and could not exceed three 
times the ^ ton load on one girder ; but if a live-load per 
foot-run of road-way is taken, the full load found of 2J 
tons must be adhered to, as each girder must be able to 
carry the ]^ ton load. 
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III. 

STRAINS ON BEAMS. 

The bending-moment produced by a weight uniformly 
distributed over a beam is half the moment produced by 
the same weight when placed at the centre, 

When a girder is a plain beam, it îs subjected by a 
weight placed upon it to transverse strains only, and its 
dimensions are found by equating the moment of flexure, 
or bending-moment, with its moment of résistance. 

A trussed-beam or girder is subjected to compressive, 
or tensile, strains in addition to transverse strain, and its 
dimensions are determined by taking both strains into 
considération. 

The greatest bending-moment which is produced by a 
weight placed at the centre of a beam 

_ El 04) 

"" 4 

Where W = weight, / the length of the beam. 

When the same weight is uniformly distributed, the 

greatest bending-moment, which is at the centre, 

-^ (IS) 

"" 8 

The moment of résistance of a beam 

= — (Rankine) 

where / = modulus of rapture, or résistance to breaking 

/= moment of inertia, which for a rectangular beam = — , 

which b is the breadth, and d depth, of a beam 
y = distance of the neutral axis, which for a rectangular section = 

** y ^ \2 ' 2 -^ "5" 

Equating the greatest bending-moment with the 
moment of flexure, 

^/=f=/¥ ^•^> 

.^ _ 6^= ^m ('7) 

25 R 



in 

d_ 
2 
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If ^, d^ are in inches, /infeet, and W^and/arein 
pounds, 

W = -|' («8) 

W' = ^ X ^ ('9) 

\{ F =■ the factor of safety, 
W-.6^ (20) 

.- (>M (2l) 

m 6<r = -y ^ ' 

F 

or W = ^ <^> 

WF^k^^^ <^3) 

The dimensions o! a ^^a;» are usually taken in the 
foUowing proportion, 

h\d\\ I : V2~:: 5:7 

A ^ = 5£, w = 5^ (^) 

7 7 

Beams under two strains, transverse and compressive 
s trains j or transverse and tensile strains. 
Let H be the compressive, or tensile, strain, 

M the greatest bending moment, 
Then the dimensions of the beam should be 

HF .ejMF , HF ,6MF ^,^ J'JHFJT^MF , HF , , 

Where F = factor of safety, 

f^=z résistance to breaking, or crushing, 
h = breadth of the beam, 
d = depth of the beam. 

The live-load should be multiplied by Lll^:!^/,!^'^ 
to reduce it to dead-load. This proportion is ^ for 
timber, g for iron, | for masonry. Thus the live-load is 
multiplied by 2 to reduce it to dead-load in each case. 
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To find the dimensions of pillars, posts, or struts. 

P^WF (26) 

wheie P s breaking load, 
W^. working load, 
F = Êictor of aafety. 



P = A/; WF=A/;A=: 



For short pillars. 
WF 



/ 



Y27) 



where A = sectional area perpendicular to the axis of pillar, 
/ = modulus of crushîi^g of the material. 

For long pillars. 

Rondolef s formula : applicable to timber posts only. 

P WF 

P=:K/Ai WF^KfA\A^ j^--j^ (28) 

where A^ P^ W, f^ hâve the same values a^ above, 
^ is a quantity varying with -^ 

The ratio of length to depth for square posts as 
under : — 



Ratio / ■;■ à 


12 


24 


36 


48 


60 


72 


K 


i 


i 


^ 


* 


tV 


^ 


P 


GordorCs Formula 
is unîversally applicable. 

' uniformly distributed over area A. 




Both ends f ree. 




One end free, one 
end fi](ed. 


Bo 


>th ends fîxed. 


P f^ 




P- 
I 


/A 


P- 


M 


4. '• 


» (9rf» + iW») 
gfif 


p (d* + cl») 
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For square section. 










-^W,f(..*^) 


2/ ^ A 9 4/f 


- - $ ^>^?(- * s> 


-n/;W?>..^ 


¥ ^A 9 4/^ 


..w|w;(-*£,) 


Eq. (29) 


Eq. (30) 


Eq. (31) 



Where / «a length of pillar in inches, 
d e least side of section, 
c «= yj^ for cast iron, 

Tîfeîï ^^^ wrought iron, 
ïiî> for dry timber, 
-^ for stonc or brick. 

Tofind the sectional area of bars under tensile strain, 

where P = breaking load, 
W = working foad, 
F = f actor of safety, 

^^ (32) 



also p = A/= WF, or A = 



/ 



where A = sectional area of bar, 
f = résistance to tearing. 

To détermine the length of the legs^ or intermediate 

supports^ of a trussed^girder. 

The ends of the girders, and the lowest points of the 
intermediate supports, or legs, should fall within the 
curve of a parabola whose abscissa is one-eighth of the 
length of the girder. 

Trussed'girder with one leg^ or intermediate support. 
The length of the leg = \ length of girder ^ (33) 

Trtcssed'girder with two legs^ or intermediate supports, 

or trapezoidal trussed-girder. 



Let m = focal distance, 

X 



ordinate = ~ 



abscissa = \ 

o 
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Then m = -^= -^^ ', = *- x - = - 

4^ 4x44 ^ 



8 

V* Il 

X = -^— where y in the smaller section = >, and m '=- - 

^ 2 



The length of each leg is the différence between the two 
abscisse 

-§--7^-9 • <^^^ 

Trussed'girder with three intermediate supports. 

Length of centre support = g . 

The focal distance ;«, asbefore=-, 
and X for the smaller section 

where v= - .. 

*^ 4 

(-y 

^ ~ ^ / ~ 76-^ 27- 32 

The length of the sida supports 

__/_ _/ _ 3/ . 
8 32 32 ' 

or the length of centre leg is to length of side legs, as 4 
to3 (35) 

IV. 

DEFLECTION OF BEAMS. 

Beams should be stiff as well as strong. 

Formulas for determining the dimensions of beams for 
strength hâve been given. Formulas for ascertaining the 
dimensions necessary for stiffness are now required. 
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Then FF= (^ + u/) 

.. oa ^ -j^ — -^y 



(38) 



The maximum deflection allowed for beams supported, 
or fixed, at both ends, is, according to Tredgold, ^ inch 
per foot-run, or ^^^ inch per inch-run of gîrder. 

The strength of beams increases as their breadth, and 
square of their depth. Their stiffness vertically, which is 
résistance to deflection, increases as their breadth and 
cube of their depth. 

Shearing stress does not require considération with 
timber beams, as it is greatest at the neutral-axis where 
direct stress is at a minimum. 

V. 

STRAINS ON TRUSSED QIRDERS. 

FIG. VI . 




The strains on the parts of a trussed-girder of two bays 
with the load W in the centre, or point of intermediate 
support, are as under : — 

Table II. 



Position of Load. 


Compression. 


Tension. 


Cx 


c* 


^1 


7-1 


Tt 


Effectofload FT (m in- 
termediate support. 


Z cot. e 
2 


^ cot. ê 

2 


W 


—cosec. 
2 


W 

- cosec. ê 
2 
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The strains on the différent parts of a trussed-girder of 
three equal bays are as under : — 

Table III. 



Effprt of load 


Compression. 


W. 


Cl 


C, 


C3 


Bx 


B^ 


Whenat B 


i Wcoi. ô 
1 Wcoi. e 


1 Wcoi. e 

} H^'cot. 6 


ï Wcoi. ô 
î Wcoi. e 


W 

1 W 


l W 

w 


„ c 


Total 

Greatest effect 


Wcoi. B 
ifTcot.^ 


\ Wcoi. e 
J Wcoi. 6 


Wcoi. ô 
iWcoi.6 


i W 

W 


i w 
w 






EfFect of load 


Tension. 


]V. 


1 


T^ n 


Di 


/>. 


When 2LiB 


nrcosec.^i Wcoi.ô 


\ JFcosec. 6 
IWcosec.ô 


JJTcosec.ô 


\ fFcosec. 6 


C 


jW^cosec^ifTcot. ^ 

1 




» 




Total 

Greatest cfFect 


?rcosec.^îJFcOt.^ 
1 
iJFcosec.^i Wcot.ê 


W cosec. 6 
1 JFcosec.^ 


J JFcosec. ô 
1 JFcosec.^ 


è JFcosec.^ 
iJJ cosec. ^ 






w 





When there are two equal weights on the points By and 
Cy the parts of the truss will be strained to the amount 
of the total in the above table. 

The effect of two unequal loads W\ W, the weight W 
greater than W'\ are : — 

26 R 
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k 


^ 


§i.n 






ci 


• 

U 

m 

U 


• 






03 


+ 


••> 

+ 


+ 




m 


tu 























•«• 


-<i 


•♦• 






k 


k 


^ « 




• 

u 


• 




• 

u 






«« 


-«Q 


+ 


P^* 




»4 


Si 


SI 


SI 






03 


+ 


^ 


+ 







a 


1 

•4n 









^ 


^ 


^ 




^ 


^ 


^ 








• 


*J 


• 






• 


• 


. 









U 



U 










ï 




U 
«) 








^te'^ 


^*^^ 


-*^^ 







u 


8 


8 








^^^ 


41^^ 


^^ 


















k 


St 


k 






^■^^ 


/^l^V 


/^^ 






•9 


1 




1 




f," 


ç 


1 


k 








^ 


^ 


^ 






i 


i 


^ 








-M 


•*• 


c4n 








mm 


«m 




• 




+ 


+ 


+ 






+ 


+ 


+ 




o 




^ 


^ 


k 






k 


^ 


^ 






*'^^*' 


^/^ 


>^^^^ 


• 




»*v^ 


^y^ 


>-^/^ 


• 


















> 

Cad 


0« 

O 
U 




• 

8 






• 









• 


u 


* 


• 



« 






'""> 


•'"■^ 


^^ 






<>"% 


,^-> 


^^ 






0: 


^ 


i 


^ 




t: 


^ 


^ 


^ 


< 






+ 


+ 


+ 






+ 


+ 


+ 






^ 


^ 


^ 






^ 


^ 


^ 








■"—^ 


^— ' 


"^—^ 






>— ' 




*— ' 








•w 


•4n 


«m 


• 




«4n 


H» 


^ 






^ 


^ 


<û 




^ 


^ 


^ 








♦s 




• 




• 



• 




U 



ë 


u 








(.) 


U 


u 






V) 


V) 


M 








/'^'^^ 


/^"l^V 


^•^\ 

























. 




u 


U 


u 








£ 


? 


^ 






<^'^ 

^ 


^b^^ 


/^^ 






»4 




1 








^ 


1 








^ 


^ 


h 






^ 


+ 


à 








•4n 


Hf» 


•«1 






c^n 


•^n 


c«« 








+ 


+ 


+ 






+ 


+ 


+ 








^ 


^ 


^ 






^ 


h 


^ 








V^/^^ 


>-^/^ 


^•^ 






%^^W 


«^/^ 


«^<^^ 






• 


OQ 


• 
• 




• 




R3 


• 
• 
• 




UM 


•*■* 


4J 


4-* 


«4irf 


•«-• 


*^ 


^^ 




O 


ci 


rt 








d 


Ci 


u 




.S'a 


k 


5. 


te 

o; 


S »î 
•2 'S 


^ 


h 


te 




s (i 








'«rf os 










'(T. O 


aj" 


U' 







«f 


0" 


■4^ 




£ 


(4 




^4 


& 


4-* 

(4 


13 


C3 








^ 




t 







^ 


k 


2 




When there are two moving loads which pass together 
over the bridge, the strains of greatest effect given in the 
above tables should be taken in determining the dimen- 
sions of the parts of a truss. 
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Required to find the strains on the différent parts of 
a girder supported by raking-struts. 

The points A, C, Z?, B^ are in the curve of a parabola 
whose abscissa is equal to ^ of the span EF. 

The girder is symmetrically divided into three equal 
parts EC = CD = DF^ and the angles CAB, and DBA, 
are equal to each other = e 

Let the force on CA = C^ 

CD^ C, 
DB^C, 
Then, when there are two equal weights on the points 
C,andZ>, the parts of the truss will be strained,as under : — 

Table V. 



Position of loads. 


Compression. 


Cl 


c. 


C3 


Effectof load PTat C 

n 


\ fTcosec. 6 

W 

— - cosec. e 
3 


-r cot. ô 
3 

^ cot. e 
3 


— cosec. ^ 

3 

1 fT cosec. 6 


Total effect ... 
Greatest effect... 


fT cosec. 6 
î W cosec. B 


î Wcot. e 
f cot. e 


W cosec. 
î ïF cosec. e 
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And when there are two unequal loads W, and W^", on 
the points C, and Z>, and W is greater than IV", their 
effect will be as under : — 



Table VI. 



(which is Table IV. in another form), 



Position of 
loads. 



Compression. 



Cl 



C, 



C3 



JT at C, W" at D 
W at Z), Jf at C 

Greatest effect... 



(i^'+}jr")cosec^ 



(f Jr+J?r')cosec^ 



i (^ + ^')cot. ^ 

i ( JT + w")cot, e 



(i^'+|r")cosec.^ 
(|JP+iJr')cosec.d 



i{»^ + jr*)cot.^(|JP + èW^')cosec.d 



When two moving loads pass together over the bridge, 
the strains of greatest effect given in the table above 
should be taken for determining the dimensions of the 
parts of the truss. 
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The strains on the différent parts of the trussed girder 
of four equal bays are as given below : — 

The angles BAF, BCF, DCH, DEH = e 
The angles KFG, KHG = ^ 
The angles GBC, CDG = /s 
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Table VII. 



Position of 
load. 



Compression. 



Ci 



Ct 



Cs 



C4, 



Bi 



Bm 



B, 



ÎFaitD.., 



it c. 



Il /*••• 



Total... 

Greatest 
efPect 



— cot. 
4 



W 



cot ô 



3jr cot. e 

4 



3W 



cot. ê 



} TTcot Ô 



3-^ cot Ô 



3W 



cot. ô 



3Jr cot. e 

4 



ISÏT 



8 



cotd 



^- W=^ cot. d 

4 

lîTcot d 
4 

2^ cot 6 



-? ir cot. s 
4 

— cot. O 

2 

— cot B 



I H^cot e 



8 

f w cot. e 



3? cot. e 

2 



I w cot. tf 



ir 


3W 


"(T 


8 


w 


TF 


3 




TF 


3W 




8 


3^ 


^W 


2 


4 


W 


TF 



3 

JF 
6 



3Î? 

2 



TF 



Position 
of load». 



Tension. 



n 



I>1 



#^at D... 

t» C,mm 

• f "••• 

Total... 

Greatest 
cffect... 



^ cosec Q,—^ cosec ^ 



/^^ 



/T 



- cosec ^ -j^ cosec 



sff' 



/T 



V *^**^*^ ^ -g cosec 



* 



3- cosec ^ 



/r 



C06CC 



<^ 



'^=— cosec ^ 
— cosec fl 



— cosec a -«- cotec, 



llFcosc^ 



8 



* 



^cosec^^ 



- cosec 



-ç-coscop 



RT 



cosec 



* 



/l' 



cosec ^ 



^— cosec ^ 



- cosec j3 



ffr 

, cosec /3 

ilTcosc^ H^ cosec j3 



3»^ 



cosec 



^ 



3/r 
-g-cosec^ 

-llTcosc^ 

8 



^ cosec ^ 



-r cosec j3 
jcoacc p 



— cosec fl 



ï cosec P 

3 



-3- cosec ^ 

?-JF coscô 

8 



Thèse tables give the strains on the parts of the girder 
when each of the points of supports B^ C, Z>, are loaded 
one at a time with the load = W. 

When the three points B^ C, and /?, are each loaded 
with a vveight = W^ the strain on the différent parts will 
be equal to those given in the totals. 
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Table VIII. 





• 

W on B 
W on C 
W ■\- W on D 


ÎTon a 
Won D 
W + ir on C 


W on C 
W on D 
IF + IV' on fl 


Greatest 
effect 
W on each point 
W a moving load 




Cl 
Cm 

Cz 

c, 

Bi 
Bi 


2 6 
4 8 

2 


(3»'+^)cot0 
('5^^H-3;)eot. 

2 3 

4 

3^ï"+^' 
2 3 


(3Tr+3Tr^^„^^ 
(1^+3"^)^,, 

(37.-)cot. 

3^+TP 

2 

7^+3^ 
4 8 

3T7^ VV 
2 6 


3^+ir- 

2 

4 

2 




en 

eu 

S 



U 


Tx 


C*^— + — ^ cosec 6 

/3T7 . ^V' \ ^ 
V8 +,2;cosec</> 

V 8 ^ 8 ) ^°'^ * 
(3^+3^^) cosec ^ 

\ 2 6 / ^^'"^^ ^ 

3__ cosec ô 
8 

— cosec j3 


(3fH--)_c. 

Cs "^ 6 ) <=°'«"= * 

V 8 6 ) '^•'^^ * 
(3f.^) cosec. 

(^f»^) cosec J 
-g- cosec 

'^ cosec 


(3>*'+3^^) cosec fi 
(3g- + g) cosec ^ 

(3f-^^') cosec. 
cosec p 

2 

(33^+3^) cosec. 

(2-^6) ~'*^'3 

^ cosec ^ 


(3f^3^) cosec. 
(3g +_-) cosec* 

(3^+3T«^) cosec. 

\ 2 3 / ""^ ^ 

(3g^-.3_^)_ , 
G ■*■ 3 ) cosec /9 

(33^+3^ )_, 


• 

B 
C 
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Table IX. 



Position of 
loads. 



Compression. 



C» 



C* 



B, 



B, 



Bt 



Two equal 
loads each 
= fV ai C 
and D 



„ B and C. 



Greatest effect ... 



ÎVatBandD 



„ CkE or A 



Greatest cffect ... 



Two unequal 
loads fr, Ik"', 
IV' > IV. 



i JTcot ^ 

4 wco\.e 



\w cote 
I wco\.e 



iWcotô 



Wcotê 

i wcote 



WcotÔ 



fp'' 



ÎFat D,*r'at£. - cot ^ 

uir- iy"\ -a 
„ c „ D.J~ ^—j cote 

,. B „ C...I^J^^If^.'.\ cote 

fl ■" fl o ,,, 

$» B ff A... 



ff c ft a ... 
„ D ,1 c. 
»f * •• -O... 



A «"' cot ^ 



i /f ' cot g 
4 



fV" 
lî-cot^ 

4 



I w co\.e 



s jr cot ô 



f Wcote 



\ W' cot ^ 



1 3/^_^3^'j ^^j ^ -^-(/r+/f"') cot e 



{ Wcote 



5 Wcote 



i Wcote 



^w cote 



j Wcote 



-i /r cot 



î ^cot e 



-î ff^cot^ 



i Wcote 



Wcote 



^ ir cot e 

4 



/ /r' , ziv"\ ^ . 

\--^—yote 



M^v'^ ;^ocoté) C-f +^-^-)cot e (t+^) -^ e 



1 W' cot ^ 

4 

} ir cot ^ 
4 

l(^ir-^ /r')cot^ 
1 ir' cot 5 



Greatest efîect ...l^.^ J^\ cot ^ 
/rat S, »^" at D. /^' + —"] cot e 



»> û » B 

,, C „ A or £. 



^ (/r + ^") cot ^ 

4 



(f+*-v)-« 



8 



ïF" cot e 



-g- cot ^ 
A/»"+/r'jcot^ 

^ ff^'cot e 



2 



I ÏT 



4 ^ 

J W 



y ^ 
V ^ 



V ^ 






I w 



$ w 



iW 



w 



w . W" 



tr/" 

— cot 5 



— cot^ 



/ÎF' W" \ ^ 
^_+_J,otô 

/JJT' , FF" \ - 
(^— +— )cotd 

^i^'cotô 

4 - 



J //;/'+ ÏT'A cot ^ 



(— +— )cot^ 



AotE „ C 



(^■+'-T><"^(-Tv-^)-« e-T+i^')-« 



- cot e 



TT" 



cot e 



Grcatctt effcct ... ("^+ 7") *=°^ ^ 



^-^ cot e 

4 

^-^' cot e 

4 






3/r 



cot ^ 



^'cot^ 
4 



(3|ivÇ')co.,:(>-e:+3-:)c«, 



TT 



jp. 



cot e 



ÎL-cot ^ 

a 



e-f+f)-^ 



3 ' 6 



W" 

w 






W 



i w 

i W 



i w 



8- ^ 
FF'+-8- 



T 



TT' 



6 • 3 

W" 

6 



W ■\- 



W" 



\w 







W 



— \-W' 

IF' IT" 

6 ■*■ 3 

W" 
6 

IF' 

T 

IF' 



ÏF" 






j//r+»^') 



IF" 



// 



ÏF 



TF'+~ 



^ + »F' 



3 

<F" 
3 



W" 



IF" 



TP 



IF'+ 



ÎF' 



3 

TF" 
S 



W'+ 



w» 
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Table IX. 



Position of 
loads. 



Tension. 



n 



Two equal loads 
- fy^t C and D 

„ B and C 
Greatest effect 

^at A and D 
„ C and Eof A 

Greatest effect 



Two unequal 

loads /r, ty ; 

W > W 

W at D, IV" at ' 



--^ W cosec. B 



~ «^ cosec. tf 



~ cosec. rf) 



— cosec. <^ 



•7 ty cosec. ô 



/»^ cosec. ^ 



*" il 

— cosec. a 

3 






/T cosec. ^ 



— ■ cosec. 



7»" 
«4 



cosec 



■* 



IV 

— cosec. ^ 



— cosec, 
-^ cosec. ^ 



5»r 

34 



cosec. 



* 



3ïr' 

— — cosec. 
4 



r at D, fT'ztE —■ cosec. ^ — cosec. <f> y cosec. <^ 

_ tlMT" tV*' n/tt mil 



— - cosec. d> 
34 T- 



Si»' il 

— cosec. 
4 



3/r 



cosec. 



^ 



5»^ .il 

=— cosec. (b 



ry 



cosec 



• * 



=^— cosec. A 



tt * =-— cosec. tf 

3»^ i, 

— — cosec. V 



C, 



tt 



B (^+3^]co,ec4^T)c--,^(?'+^>o.«.<^(T- 



D, „ C 
>t S, „ D 

Greatest effect 



i/y* . fr'\ 

(-^+-jcosec. 
— cosec a 



(^+'çy<»^j+Th^-'t> 



IV at B, fy" at D 

tt ^t tt ^ 
tt Ct if -rf or E 

„ A or E, „ C 

Greatest eflfect 



-g- cosec. <^ 

If" 

-^ cosec. ^ 



,^oscc. 

ty" 

-— cosec. 
12 



ff^' , IF' 

-— cosec 

— • cosec. — 



,-+ 



— Icosec.a 



*— cosec. a 



^ cosec. B 

2 

Z. cosec. A 
3 



W cosec. 6 



r cosec. tf 



W cosec. ^ 



7+3z:w 



e 



- cosec. o 



cosec. ^ 



-g cosec. d» 






— cosec. Q 



ty*' 

— cosec. 6 

7. 



(^-f+y)~»«<^ 






(7,+-g-)coscc.0 
-g- cosec. 



iT' 



cosec. 



* 



(-3 



â+li)cosec.<^ 

IF' 

**^ -^ cosec. ^ 






-T- cosec. <^ 



ty 

-r- cosec. <^ 



3W" >, 

cosec. u 



(— +-Jcosec^ 






IF* 

— cosec. ô 

2 



(-|p+Y^)cosec.<^ 

W 

or -g- cosec. (f) 



W 



cosec. ^ 



— cosec. p 



-g cosec. p 



- cosec. p 



3^cosec^ 



î^cosec.^ 



J cosec. j3 



IF' 

-5- cosec. /9 

/IF' . IF"\ 



IF" 



' — cosec. fi 
3 '^ 

/IF', IF*\ 

^- + -)co«ec./3 

IF" 

"^ cosec. /9 



??cosec^ 





3W 
8 



cosec. ^ 



^ cosec. /3 
~ cosec. p 



IF 



IF 

6 *=<>^- /S 

W 



IF 



cosec. 



/S 



3?, 
8 



3ir 



8 



coset 



3W^ 



cosec 






-8-cosece^g-+-jcosec./3 



-g-COSC.^ 



g- cosc.(9 



jJT" 

-ycosc 



cosec. 



/9 



T <^°^- iS 



./IF'j^"\ ^ 



(E+!^')cosec.^3«:'co.c.tf 



IF" 

w a 

-g- cosec. p 

^ a 

— - cosec. p 

3 '^ 

— - cosec. p 



Ç'cosctf 
â^'cosc.^ 



(*-f+^')coscc^ 



— - cosec /3 



(f+^W/3 



^ COSC.S 

8 '^ 



cosec. 



/S 



IF' 

IF' 

~T- cosec. p 

— cosec p 



IF' 



cosec. 



/3 



R" 



cosec. 



P 



3»r' 

8 



cosec 



■*- — cosc 
8 



8 
jlT' 



cosc 



cosc 



3^ cosc 
8 



^cosd 
jlF* , 

-g-COSCi 



3-^cosc4 
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Required to find the strains when there are three 
unequal loads on the intermediate points of support. 

Let W, W+W, and W+W\ be the three unequal loads. 
Then ail three points are equally loaded with W, and two 
points are loaded in addition with the weights W^ and W". 

The strains due to the load W may be found by Table 
VII. of this case, and those with regard to the loads W 
and W^ by Table IX. The sum of the strains will be the 
total strain on the parts of the truss. 

When the loads Wy and W\ are moving loads, the 
greatest strains on the truss are as foUows : — 

Table X. 



Strains produccd by fT, ff^-j- fT, fr+ /r' 



When tr^tr' 



Distance bctwcen 

H" and /r"=length 

of a bay. 



Distance between 

/r and /r' = Icngth 

of 2 bays. 



When ^ is gréa ter than H^' 



Distance between 
/r and «'"« onc bay. 



Distance between 
/^■' and ;r'= two bays. 



Strain. 



Cl and r« 

C% and Cg 

Ai and B^ 

fis 
7*1 and 7*4 

f, and T'a 

DxandDa 
D3 andD« 



e-ç4-^')co. 6 

1 



7/r 



3 

xuy 



\{iy-\- /r)coscc fi 



/1^+ fy \ cot S 
a 6 

4 
1^^ fr\cosec$ 

tfy+fr\ coscc ô 



a 3 



1^ + ty •{ 



8 



(3^V3^''+^')cosec^ 

(^+-+-^)cosec/3 
|-(»'+ irjcosecô 



^ 6 

(t+V+t)""" ^ 

ii-jcosec <^ 
(3^+^co«c<^ 
/^+ ^\ coscc fi 

|-(/r+ /T'jcosec ô 



;e-r+'f+- 



Compression 
Do. 
Do. 

Do. 

Tension. 

Do. 

Do. 
Do. 



VI. 

WOODEN GIRDERS— EXAMPLES OF FIVE DIFFERENT LIVE 
LOADS APPLIED TO EACH FORM OF GIRDER. 

Plain wooden girders are sometimes employed for 

carrying a road-way across small streams. The extrême 

limit which may be taken for an opening to be crossed 

by a plain wooden girder, or beam, may be assumed from 

practical expérience at 16 to 20 feet. Of course beams 
27 R 
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of timber may be made of larger scantlings than are 
needed for i6 feet spans, and the live-Ioad may vary ; 
butwith spans over 1 6 feet clear, it is found in practice 
advisable to adopt another form of girder in order to 
reduce scantlings and cost, and also to obtain structures 
of a more permanent character, and which can be more 
easily repaired, and with less inconvenience to traffic. 

For thèse reasons, therefore, it is not advisable that 
simple beam-girders should be employed for spans ex- 
ceeding 12 to i6 feet. 

It is not every species of timber which will stand the 
exposure to which bridges are subjected. Only timber 
which is known to resist decay when exposed to beat and 
cold, dryness and humidity, should be employed excepting 
for very temporary purposes. Timber of good quality as 
respects strength, which is found to be excellent, and 
lasting, when employed in dwellings, and not exposed to 
alternations of wetness and dryness, has been found only 
to last some six or seven years when used for bridges. 
For bridges of timber, therefore, which are desired to 
last, it is very necessary that the suitableness of the 
timber available should be known. 

Examples in illustration of the foregoing 
theories respecting beams, and trussed- 
girders, for bridges. 

Data for examples. 




• •• •• •• 



• • •• 
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Width of roadway between parapets on abutments i8 feet. 
Width of roadway between hand rails on bridge 19 „ 

Number of girders 5 

Distance of girders from centre to centre 4 feet. 

The transverse joists, or rafters, are assumed to bear 
on two girders only. 
Dead-load of superstructure and roadway, 

per square-foot 180 Ibs. 

Résistance to breaking for teak wood, per 

square-inch 12,000 „ 

Résistance to cnishing for teak wood, per 

square-inch 12,000 ,, 

Modulus of elasticity for teak wood per 

square-inch 2,400,000 ,, 

Résistance to tensile strain for wrought iron 

bars, per square-inch 60,000 „ 

Factor of safety. Dead-load. Live-load. 

Wrought iron 3 6 

Timber 5 10 

The ends of the beams and the lower points of support 
in the trussed-girders to be in the curve of a parabola 
whose abscissa = J the span. 

DEAD-LOAD. 

The dead-load on a bridge comprises the weight of the 
road-way, and the weight of the superstructure. 

Road'Way. Ibs. 

Substratumearth,6inchesdeep, i X i X J X i2olbs. = 6o 
Metalling, 6inchesdeep, i X i X ^ x i3olbs. = 65 

Superstructure. 

Approximate weight of girder I7'5 

Timber rafters, iXix|X5olbs 37'5 

Total weight per sq.-ft. of road-way... iSolks. 

LIVE-LOADS. 

1. One ton per foot-run of road-way. 

2. A crowd at .120 Ibs. per square-foot of road-way. 
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3. A4 ton road-roller at one ton per foot-run. 

4. An 8 ton steam-roUer. 

5. A lo ton steam-roller. . . 

TIMBER BEAM TABLES. 

In thefollowîng examples the calculations hâve been car- 
ried through ail steps ; but if thèse Tables {see Appert- 
dix) be used, the calculations need not be taken further 

than the numerical values of i^», bcP ; —j- , — j — . 

Example I. 

Required to find the scantling of a single beam of 
teak, one of five to carry a road-way over a span of 1 2 f eet. 
Case I . — Live-load^ i ton perfooUrun. 
Dead-load distributed on one beam 

= 12 X 4 X 180 = 8640 Ibs. 
Dead-load at centre = 4320 Ibs. 

Live-load at centre =~td (Tçtble I.) 

12 X 4 X 2240 o 11- 

= 2 X 19 = 2829s Ibs. 

Live-load reduced to dead-load = 2829*5 x 2 == 5659 Ibs. 
Total dead-load = 4320 + 5659 =s 9979 Ibs. at centre^ 

By Eq, (22) 

, « FWl _ S X 9979 X 12 X 18 

/ 12000 ^ 

18 
By Eq. (24) 

^ : ^ :: I ". V2 :: 5 : 7 

b = y, .-. b(r = y 

>- =898'ii 

-3 898MI X 7 
^ = ^—^ ^= 1257-35 



^= y= 77i 
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» 

The dimensions of the beam are therefore 7f by loj 
inches. 

Dejlection. 

The maximum deflection allowed = ^ inch per foot- 

run of gîrder. 

Total deflection therefore = ^§ înch =« K 

In this case the dead, and live, loads are unîformly 

distributed. 

By Eq. (36) 

In this case lo = 8640 Ibs., v/ = 5659 Ibs. 

. i^ ^ 5(8640 + 5659) X 72' 
4 X 2400000 X ^ 

14299 X 5184 ^ 

= 8000 = 9265752 

Taking à as found above for strength = 7} inches, 

14299 X 5184 _ 
"^ = 8000 X 7| "" "95-58 

d = I0'62, or lof inches. 

But the depth found above for strength io| inches îs 
greater than the depth lof now found as necessary for 
stiffness ; the girder should therefore be 7I by lof inches 
as required for strength. 

Case 2. — Live-load of a crowd at 120 Ibs. per sçiuirC' 

foot of, road-way, 

Dead-load at centre of the beam = 4320 Ibs. 
Live-load at the centre of the beam =-^ (Table I.) 

3 X 12 X 4 ^ .^ „ 

= ' — — — - X 2240 = 2880 Ibs. 

Live-load reducedto dead-load 2880 X 2 = 5760 Ibs. 
Total dead-load 4320 + 5760 = 10080 Ibs. 

By Eq. (22) 

FWl 5 X 10080 X 12 X 18 
^^' = 2/~ = 12000 = 9Û7-2 

18 
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By Eq. (24) 

6:d::s-7 

.: bd' = ^— — 907-2 

7 

The beam should therefore be 7f by lof inches. 

Deflection. 
Maximum deflection ^ inch per foot-run of girder. 
In this case \% inch = F = total deflection. 
Also the "dead, and live, loads, are distributed. 
w = 8640 Ibs., uf =s S760 Ibs. 

By Eq. (36) 

°'^ " 4£y 

_ s (8640 + 5760) 78' _ 18 X S184 _ 

4 X 24CXXX)0 X — 

Taking à as found above = 7I inches, 

., 18 X S184 
'^ = ioX7f ='g04-026 

•% </ = 107 inches. 

But the depth found for strength io| inches is greater 
than the depth required for stiffness, the girder should 
therefore be 7f by lof inches. 

Case 3. — Ltve-load, a 4 ton road-roller weightng one 

ton perfoot^run. 

Dead-load at beam centre = 4320 Ibs. 
Live-load over one beam, 

By Eq. (2) 

^ é^xwd — x^w 
- Âd 

4X4X1X4-^ 16 Xi 
= 4X4 

= 3 tons = 6720 Ibs. 
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Live-load reduced to dead-load 

6720 X 2 = 13440 Ibs. 
Total dead-load at beam centre 

4320 + 13440 = 17760 Ibs. 
By Eq. (22) 

hdP = —7- 

_ S X 17760 X 12 X 18 
"" 12000 

= 1598-4 

By Eq. (24) 



3^ = ^ = 1598-4 



.^^^^2237-76=134 

^ = -7=9* 

The dimensions of the beam are therefore 9I by 13^ 
inches. 

Deflection. 

Maximum deflection ^*inch per foot-run. 
Total deflection = \^ inches = V. 
In this case the dead-load is distributed, and the live- 
load has its greatest effect at the centre of the beam. 

w = 8640 Ibs. distributed. 
w^ = 6720 Ibs. at centre. 

By Eq. (37) 

'^^ ^ Jv 

_ s(8640 + g^^7 2» 

4 X 2400000 X H i 

' ^ 40 

= 24240 X 373248 _ ,2566016 
720000 
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By E^. (38) 



6(P = 



£V 



(^^^ + 6720) 



72 



8 



24240 X 373248 ^- ^ 

= \inr^ = 125660 16 



"" 2400CX)0 X J5 720CX)0 

The same as found above. 

Takîng 3 = 9i inches as found for strength, 

24240 X 373248 _ 
^ "" 720000 X V — '340 375 

^ = ^/ 1340^= II* inches. 

The depth 13 J found for strength beîng greater than 
the depth required for stiffness, the dimensions of the 
beam should be 9§ by 13^ inches. 

Case 4. — Live-load, an 8 ton steam-roller. 

The weight per inch-run of roller = Tt; = o'i ton. . 
The length of front-roUer = ô = 46 inches. 
The length of each rear-roller = ô' = 17 inches. 
The distance between two rear-rollers = a = 42 inches. 
The distance between two girders = û? = 48 inches. 
The wheel-base of rollers = jp = 94 inches. 
The effect of the front-roller = W^^ : of the rear- 
rollers = fF,. 

The dead-load at the beam centre = 4320 Ibs. 
The live-load of the steam-roller, 

By Eq. (5) 

U7 _ ^ (4<^ — ^) «. 46 X O- 1 (4 X 48 — 46) 

^^ i5 r>ri8 = 3'S tons. 

By Eq. (6) 

In this case, ^ is greater than -, and less than /, 

/. the greatest effect of the live-load (Table I.) = W^ 
^K = 3*5 tons = 7840 Ibs. 
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Lîve-load reduced to dead-load = 2 X 7840= 15680 Ibs. 
Total dead-load at centre = 4320 + 15680 = 20000 Ibs. 

By Eq. (22) 

. - FWI s X 20000 X 12 X 18 

^^ = —7- = ^ r;333; = 1800 

/ 12000 

18 
By Eq. (24) 

6(P := ~- =i 1800, or d^ = 2520 



•'• ^= ^2520= I3f 

^ = y = 9J- 

The dimensions of the beam should therefore be 9I by 
13I inches. 

Deflection, 

Maximum deflection ^ inch per foot-run of beam. 

Total deflection \% = F. 

In this case the dead-load is distributed, and the 
live-load is taken at the centre where it has its greatest 
effect. 

w = 8640 Ibs., w' 3: 7840 Ibs. 

By Eq. (37) 



S 



bcP=^ 



4£V 



s (8640 + 12^ :.• ,,,3^ ^,,3^, 

= ^ F^— = —Sd^cT-^ =13727-232 



4 X 2400000 X T^ 

m 4^ 

Taking ô = 9} *= V inches as found for strength, 

21 184 X 5184 
d' = — ^ = 1407-921 

8000 X ^ 
4 

</= tj 1407-921 = II -21, or 11} inches. 

28 R 
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The depth found for strength, 13I inches, beinggreater 
than the depth required for stiffness, iij inches, the 
beam should be 9I by 13I, as found for strength. 

With thèse dimensions the deflection of the beam 
will be : — 

By Eq. (37) 

Q 



S (8640 + i-2<^) 72 



- 439271424 ==0.0^2 



4X2400000 X f(lÇ)» 10522 1 10625 



4^ 8 



_ 0042 _ 



Therefore the deflection of the beam = — ^ = 0*0035 

12 

loooo 285 7 40 

Case 5. — Live-load, a 10 ton sleam-roller. 

The weight per inch-run of roller = w = ^ ton. 
The length of front-roller = è = 47 inches. 
The length of each rear-roller = ô' = 16*5 inches. 
The distance between two rear-rollers = ûj = 43 inches. 
The distance between two girders = û? = 48 înches. 
The wheel-base of rollsrs = ^ = 115 inches. 
The effect of the front-roller = W^\oi rear-roller W^. 
The dead-load over one girder at the centre as in 
case I = 4320 Ibs. 

The live-load of the steam-roller, 

By Eq. (5) 

_ bw{,M-b-) _ 47 X H4 X 48- 47) ^ ,.,■- t„^ 

By Eq. (6) 

^^ ^ y«>(2</-.-y) ^ 16-5 Xj (2X48-43 -16-5) ^ ,.5^8 ^^„^_ 

In this case, (Table I.,) 
c is greater than - , and less than / 
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/. the greatesl effect of the live-load = f^i = 4*437 ^ons = 9940 Ibs. 
Live-load reduced to dead-load = 9940 X 2 = 19880 Ibs. al centre. 
Total dead-load at centre = 4320 + 19880 = 24200 Ibs. 

By Eq. (22) 

FWL t X 24200 X 12 X 18 

^^ = -^ = ^-7^555 = ^'78 inches. 

18 

By Eq. (24) ' 



5^3 

ô(P = -_- =2178, or d^ = 30492 



S^ 



.\ d= ^ 30492 = i4i. ^ = y = loi 

The dimensions of the beam are therefore 10^ by 14I 
inches. 

Dejlection, 

Maximum deflection t^ inch per foot-run. 
Total deflection = ^^ = V. 

In this case the dead-load is distributed and the live- 
load is taken at the centre where it has its greatest effect. 

w = 8640 Ibs. 
w' = 9940 Ibs. 

By Eq. (38) 

2(1 w -{-w' )c* 



^^^ = 



ÉV 
S X 8640 



/SA 5D40 , V 

. (-^— X994o)72 ;_ .S34X5.84 = .3^,.,, 

^12 500 ^^^ ^ 

2400000 X -" 

83 

Taking ^ = lOg = g inches as found above for strength, 

,3 IS34 X s 184 , 

500 X y ^^ ^ ^ 

/. d =*/i 5 32-964 = 1 1*53 or 1 1| inches. 

The depth found for strength, \\\ inches, being greater 
than the depth required for stiffness, iif inches, the 
dimensions of the beam should be io§ by 14^ inches, as 
found for strength. 
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Example II. 

Required to find the dimensions of the parts of a 
trussed-girder with one intermediate support, Fig. VI., 
span 24 feet, beam and support of teak-wood, tension 
rod of wrought iron, girder one of fîve to support a 
road-way over a stream. 

Case I. — Live^loadj one ton per fooUrun of road-way. 

The dead-load at the centre of one bay of girder 

12 X 4 X 180 
=r ^ = 4320 Ibs. 

The dead-load at intermediate point of support 

= 12 X 4 X 180 = 8640 Ibs. 
The Hve-load at centre of one bay of girder, by Table I. 

/</ _ 12 X 4 w o 

= ^ ~ 2 X 19 ^ 2240 = 2829s Ibs. 

The live-load at the intermediate point of support 
(Table I.) 

Id 12X4 
- Jg- jg X 2240 = 5659 Ibs. 

The live-load reduced to dead-load at the centre of one 
bay of girder 

= 2829-5 X 2 = 5659 Ibs. 

The live-load reduced to dead-load at the intermediate 
point of support 

= 5659 X 2 = 11318 Ibs. 
Total dead-load at centre of one bay of girder 

= 4320 + 5659 = 9979 Ibs. 
Total dead-load at intermediate point of support 

= 8640 + 11318 = 19958 Ibs. 
The depth of the girder, which is the length of the 

strut, by Eq. (33) = ^ = |^ = 3 feet. 

cot ô = Y ~ "^ 



. Vl2* + 3" 12-36 

cosec ^ = = — r— = 4* 12 
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Strains on parts of girder. 
Strain on beam (Table II.) 

= l?cot ^ = ^99S8 X 4 -, 3g^i6 inch-lbs. = H. 

2 2 

Strain on inclined tie (Table II.) 

= iTcosec e = Ï99S8 X 4-12 _ ^^^^.xy^ inch-lbs. 
2 2 

Strain on the strut, or leg = W ^ 19958 inch-lbs. 

Greatest bending-moment of the beam, by Eq. (14) 

^m^ 9979 X 144 = 359244 inch.lbs. = M. 
4 4 

Dimensions of beam. 
By Eq. (25) 
^ - HFx 6MF _ 399^^ X 5 , 6 X 359244 X 5 

fd fiP 12000^ 12000/* 

= ^ + ^' - { ?i = ^'?. } CA'- ^- ^''*^«) 

Assuming </ = 1 1 J inches, b = ^^. + ~f^^ 
= 1*45 + 676 = 8*21 or 8i inches. 

The beam should therefore be 8^ by \\\ inches, 
which are in the proportion of, Eq. (23), 11^2 

Dimensions of iron tie, 

The tensile strain on the inclined tie = 41 2 13*48 inch-lbs. 
The sectional area of the wrought iron bar, 

By Eq. (32) 

= —^ = ^r^ ^ = 2-o6 square inches. 

/ 60000 ^ 

Dimensions of strut. 

The compressive strain on the strut = 19958 Ibs. 

The sectional area of strut, by Gordon's formula, 
Eq. (31), square section, 

V rfV ^ ^ ^^ y ^250 rf' ; ^ i9958(2So rf« + i296) 



222 ROAD BRIDGES. 

With a square section ^ = ^ = _?95 _\ 5 ^"r ?o; 
^ 2400 X 25a/* 

••'^•" 2400 ^2400X250' 2400 ^V^ ; ^:5 -r / 3 

,". ^ — 4*i6 = 777, or ^ = 1 1-93 = 12 square-inches =3^X3^ inches, 

The strut is therefore 3^ inches-square. In practice 
the strut is usually made larger than required, to fit the 
beam, and hold the tension rods. 

Case 2. — Live-load of a crowd. 

The weight of a crowd per square-foot of road-way 

= 120 Ibs. 
The dead-load at the centre of one bay of girder 

= 4320 Ibs. 
The dead-load at intermediate point of one bay of 

girder = 8640 Ibs. 
The live-load at the centre of one bay of girder (Table I.) 

= \— X 2240 = 2880 Ibs. 

The live-load at intermediate point of support (Table I.) 

= ^^ X 2240 = S760 Ibs. 

The live-load reduced to dead-load at centre of one 
bay of girder = 2880 X 2 = 5760 Ibs. 

The live-load reduced to dead-load at intermediate 
point of support = 5760 X 2 = 11520 Ibs. 

Total dead-load at centre = 4320 + 5760 = 10080 Ibs. 

Total dead-load at intermediate point = 8640 + 11520 
= 20160 Ibs. 

Depth of girder = 3 feet, cot ^ = 4, cosec B = 4* 12* 

Strain on parts of girder, 

Strain on beam (Table II.) 

W ^ 20160 X 4 ^ 
= — cot ô = —=. 60320 inch-lbs. = H. 

Strain on inclined tie 

^^ A 20160 X 4-12 _ ^,^^ >- . ... 
= -r- cosec B = ' = 41529*6 inch-lbs. 



ROAD BRIDGES. 223 

Straln on strut 

= ÏF= 20160 Ibs. 
Greatest bending-moment on beam, by Eq. (14) 

IV/ 10080 X 144 /: 00 . u lu ;i^ 

= — = ^-^ = 362880 mch-lbs. = M. 

4 4^ 

Dimensions of beam. 

By Eq. (25), 

_ i^ , ^MF _ 603 20 X s 6 X 3 6 2880 X s 

fd'^ fd* "^ 12000^ "^ 12000^" 

= ^^ + -^^ or { J^ = ^-3^ } O. ^... T../..) 
Assuming d = 12 inches, 

b = 209 4* 6-36 = 8-45 or 8| inches. 

The dimensions of the beam should therefore be 8| by 
12 inches. 

Dimensions of wrotight iron tie. 

The tensile strain on theinclined tie = 41529*6 inch-lbs. 
The sectional area of the wrought iron bar, by Eq. (32) 

___WF_ 415296 X 3 ^ 

"" / "" 60000 — 2 Oô square incnes. 

Dimensions of strut, 
The compressive strain on the strut = 20160 Ibs. 

The sectional area of strut, by Gordon's formula, Eq. 
(31), square section, 

P, //^T]~P\ 5X20168 , /5X2Q160/1296, 5X20160 ; 
^ ""2/^Ny/V^ ■^4/-7-"2X 12000 N/ 12000 V 250 4X12000/ 

= 4*2 + V6ri856 = 4-2 + 7-82 = 12-02 = 12 square inches. 

The strut is therefore 3i inches square. 

Case 3. — Live-load, a roller of \ tons, 

Weight of the roller at i ton per foot-run = 4 tons. 
The dead-load at the centre of one bay of girder = 4320 Ibs. 
The dead-load at intermediate point = 8640 Ibs. 
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The live-load of a roller on one gîrder, Ex. I., case 3 

= 3 tons = 6720 Ibs. 

The live-load at the centre of a bay of girder (Table I.) 

= fT = 6720 Ibs. 

The live-load at intermediate point of support = 

6720 Ibs. 
The live-load reduced to dead-load at centre of a bay 

= 6720 X 2 = 13440 Ibs. 
The live-load at intermediate point of support 

= 6720 X 2 = 13440 Ibs. 
Total dead-load at centre of bay 

= 4320 + 13440 = 17660 Ibs. 
Total dead-load at intermediate point 

= 8640 + 13440 = 22080 Ibs. 
Depth of girder = 3 feet, cot. ^ = 4, cosec. ^ = 4'i2. 

Strain on parts of girder. 

Strain on beam (Table II.) 

W ^ 22080 X 4 _ ,^ 

= -T- cot. 6 = r = 44160 Ibs. = H. 

Strain on inclined tîe (Table II.) 



W 



22080 X 4-12 00,,^ 

. e = —-^ — = 45484*8 Ibs. 



= — - cosec. 

2 2 



Strain on strut = fF = 22080 Ibs. 

Greatest bending-moment on beam, by Eq. (14) 

Wl 17760 X 144 /:.,.,. Tijf 

= — = -^ =^ = 639360 inch-lbs. = M, 

4 4 

Dimensions of beam. 
By Eq. (25) 
j_HF 6MF _ AA^eoXs 6X639360X5 ,. i3-4 . ^5984 

^ "" // + //• "" 12000/ "' l2OO0d^ d "^ d* 

Assuming </ = 13Î, | ^^ Z J^^.^ } {/orBeamTahles) 
^= 1-34 + 8-45 = 979 or 9Î 
The dimensions of the beam should therefore be çj 
by 13I inches. 
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Dimensions of wrought iron tie. 

The tensile strain on the tie = 45484*8 Ibs. 
The sectional area of the tie, by Eq« (32) 

_ WF _ 45484-8 X 3 

T" 60000 = ^'27 square inches. 



Dimensions of strut. 



The compressive strain on the strut = 22080 Ibs. 
The sectional area of the strut, by Gordon*s formula, 
Eq. (3O) square section : — 

^_P \Pi /N._ 22o8oXs / 22080X5 /1296 , 22 o8oX5 \ 
^~2/'"'n/7v^+4/7""2X 12000"^ n/ 12000 ' 2~s6 4X'i2Ôôo' 

= 4-6 + v'68-8528 = 46 + 829 = 12-89 = 13 square inches. 

The strut is therefore 3I inches square. 

Case 4. — Live-load, an 8 ton steam-roller, 

The weight and dimensions of the 8 ton steam-roller 
are as given in Ex. I., case 4. 

The dead-load at the centre of one bay of girder 
= 4320 Ibs. 

The dead-load at intermediate point of support 
= 8640 Ibs. 

The live-load of an 8 ton steam-roller on a girder con- 
sists of two moving weights W^ = 35 tons 
= 7840 Ibs., and W^ = 1-31 = ijton = 2987 Ibs., 
moving at a distance t: = 7 feet 10 inches 
= 94 inches from each other. 

In this case, c is less than /, but greater than - . 

Therefore by Table I., 

Live-load at centre of one bay = W^ =^ 7840 Ibs. 

Live-load at intermediate point of support, Eq. (7) 

= W, + !M^ ^ ^8^, + 2^70^94)^ 3877-.S Ibs. 

Live-load reduced to dead-load at centre of one bay 
= 7840 X 2 = 15680 Ibs. 

29 R 



226 ROAD BRIDGES. 

Live-load reduced to dead-load at intermediate point 

= 887715 X 2 = 177543 Ibs. 
Total of dead-load at centre of one bay = 4320 + 15680 

= 2CX)CX) Ibs. 

Total of dead-load at intermediate support = 8640 

+ 17754*3 = 26395 Ibs. 
Depth of girder = 3 feet, cot. ^ = 4, cosec. = 412 

Strain on parts of girder. 
Strain on beam (Table II.) 

^ il 2639s X 4 ,,. rr 

= ~ cot ^ = -^^1 = 52790 Ibs. = H 

Strain on inclined tie (Table IL) 

^ ^ 2639s X 4*12 

= - cosec Q = ^^"^ ^ ^ = S43737 Ibs. 

Strain on strut 

= fT = 2639s Ibs. 

Greatest bending-moment on beam, by Eq. (14) 

Wl 20000 X 144 
=: = — r^ = 720000 Ibs. = M 

4 4 

Dimensions of beam. 

By Eq. (25) 

_ HF 6MF _^ S2790 X 5 6 X 720000 X s _ 21^99 1800 
^ — 7^ + yS"' " ~\2Qood "• 12000/" "■ ~^~ "^ ~5*~ 

Assuming d' = 14) 

b = rS3 + 871 = 10-24 = loj 

r 3(/ = 21-99 "I . . ^^^^^ Tb^/^j.) 
Uif" = 1800 / ^-^ ' 

The beam is therefore lo^ by 14I inches. 

Dimensions of iron tie. 

The tensile strain on the tie = 54373*7 Ibs. 
The sectional area of the tie, by Eq. (32) 

WF 543737 X 3 
= -y = êçxxxi ^^ ^'^^ square inches. 
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Dimensions of strut, 

The compressive strain on the strut = 26395 Ibs. 
The sectional area of stnit, by Gordon's formula, Eq. 
(31), square section, 



^_^. //"/;,, A _2639SXS / 2639s Xs /1296 2639s Xsv 

^ —2/^ Ny/V^' "T^; — 2X12000*^ N/ 12000 \2S0 "^4X12000/ 

= 55 + V87-274 = S'S + 9'34 
= 14*84 = IS square inches. 

The strut is therefore 3J inches square. 

Case 5. — Live4oad^ a 10 ton steam-roller , 

The weight and dimensions of the 10 ton steam-roller 
are as given in Ex. I., case 5. 

The dead-load at centre of bay = 4320 ibs. 

The dead-load at intermediate point = 8640 ibs. 

The live-load of a 10 ton steam-roller on a girder 
consists of two moving weights W^ = 4437 tons =9940 
Ibs., and W^ = 1*568 tons = 3512 Ibs., moving at a dis- 
tance r = 9 feet 7 inches = 115 inches from each other. 

In this case c isless than / but greater than -. There- 
fore, by Table I., 

Live-load at centre of bay = FF^ = 9940 Ibs. 
Live-load at intermediate point = FF^ -j- — i-î^ ' 

= 9940 + 3512(144—115) - ,0547.3 Ibs. 

144 

Live-load reduced to dead-load at centre of bay = 9940 x 2 = 19880 Ibs. 

Live-load reduced to dead-load at intennediate point 

= I0647-S X 2 = 2129s Ibs. 

Total dead-load at centre of bay = 4320 + 19880 = 24200 Ibs. 

Total dead-load at intermediate point = 8640 + 2129S = 2993s ibs. 

Depth of girder = 3 feet, cot ^ = 4, cosec ô = 4'i2 

Strain on parts oj girder. 
Strain on beam (Table II.) 



W 
= 2 ^°^ 



e^m^^^^^^ç,Xy,,^^H. 
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S train on inclined tie (Table II.) 

^ 29935 X 4' 12 ^ ^^- ,^ 

= - cosecd= ^^ ^ — = 61666' i Ibs. 

Strain on strut (Table II.) 
= jr = 2993s Ibs. 

Greatest bending-moment on beam, by Eq. (14) 

Wl 24200 X 144 ^ . u lu n^ 

= — - = -^ — 2= 871200 inch Ibs. = M 

4 4 

Dimensions of beam, 
By Eq. (25), . 

_ ^i^ ôi^/' _ 59870 X 5 6 X 871200 X 5 __ 2494 2178 
^ '^ fd '^ fd" "" 12000/ + 12000^ "" ^ "•" ^ • 

Assumîng ^^=15^ 

h = 1-63 + 9-37 = II 

{ ^^ = 2 1 78 } ^-^^^ ^^^^ ^^^^^^' ) 
The beam is therefore 11 by 15^ inches. 

Dimensions of iron tie, 

The tensile strain on iron tie = 6x666' i Ibs. 

The sectional area of the tie, by Eq. (32) 

WF 6i666-i X 3 
= "7" = 60000 = 3-o8 square inches. 

Dimensions of strut, 

The compressive strain on the strut = 29935 Ibs. 
By Gordon's formula, Eq. (31), square section, 



^-^J- /^A/«iZ\-?993SXs , /2993SX5/I296. 29935X5V 

%/^"^N//V^^ "T^;— 2X12000"^ N/ 12000 V 250 "^4X12000/ 

= 6-236 + ^103-550846 

= 6-236 + io*i76 

= 16*412 

= 16J square inches. 

The strut is therefore 4! inches square. 

Example III. 

Required to find the dimensions of the parts of a 
trapezoidal trussed-girder, Fig. VII. Span 36 feet. Beam 
and supports of teak wood. Tension rod of wrought iron. 
Girder symmetrical, one of five to support a roadway. 
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Case I. — Live4oady one ton per fooUrun of road, 

The dead-load at the centre of each bay of girder 

12 X 4 X 180 
= ^ = 4320 Ibs. 

The dead-load at each intermediate point of support 

= 12 X 4 X 180 = 8640 Ibs. 
The live-load at the centre of each bay of girder, by 
Table I. 

W _ 12 X 4 „ 

The live-load at each intermediate point of support, 

by Table I. 

Id _ 12 X 4 ^ _ ,^ 

= ^ ^ X 2240 = 5659 Ibs. 

The live-load reduced to dead-load at the centre of 
each bay of girder 

= 28295 X 2 = 5659 Ibs. 
Live-load reduced to dead-load at each intermediate 
point of support 

= 5659 X 2 = 11318 Ibs. 
Total dead-load at the centre of each bay of girder 

= 4320 + 5659 = 9979 Ibs. 
Total dead-load at each intermediate point of support 

= 8640 + 11318 = 19958 Ibs. 
The depth of each leg or strut, by Eq. (34) 

= - = ^ =4 ^eet 
9 9 

cot. » = — = 7 
4 ^ 

cosec. ^ = 7^—^ = — 7-^ = 3-16 

4 4 ^ 

Strains on parts of girder, 
By Table III. 

Strain on Ci, Cj = W coi. ô = 19958 X 3 = 59874 Ibs. 

Strainon C. = ^iî^ cot. « = i2Li9?iiXJ = 79832 Ibs. = ^. 
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Strain on B,,B, = ^= ^^^^^ = 2661 1 Ibs. 

Strain on 7\, T^ = ïTcosec. Q = I99S^ X 3*i6 = 63067*28 Ibs. 

o . ^ 2 Pr ^ 2 X 19958 X 3 

Strain on 7; = — cot. ^ = ^ = 39916 Ibs. 

o . r. r. W^ 19958 X 3' 16 

Stram on D^,D^ = — cosec. ^ = — - — = 2102243 Ibs. 

Bending-moment on beam, by Eq. (14) 

m^ 9979X144 ^ 3 j„,,.,^, ^ ^ 

4 4 



Dimensions of beam, 

The centre bay of the girder is that portion which is 
most strained, but in practice the beams are made of one 
section throughout. 

By Eq. (25) 

^ ^ eMF _ 798 32 X S , 6 X 359244 X 5 

° '^ fd "^ fd^ "■ 12000^ ' I2000ûf* 

33-26 898-11 rbd =33-26 1, 

= -7-+ -^i-,or [i^j.^^^.^^'^ijor Beam tables). 

Assuming é/ = 12J inches, 

^ = 2-715 + 5-985 =8-7 or SJ inches, 
The beam should therefore be 8} by 12 J inches. 

Dimensions of iron ties. 

The tensile strain on each of the inclined ties 7",, T^ 
= 63067*28 Ibs. 

The sectional area, by Eq. (32), will be 

WF 63067-28 X 3 
A = -^= 66055 ^ 3*^5 or 3} square inches. 

The tensile strain on the horizontal tie T^ = 39916 Ibs. 

The sectional area, by Eq. (32), will therefore be 
WF 39916 X 3 . ^ 

A = -1^= — gôôôô — == r99 or 2 square inches. 
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Dimensions of braves. 

The tensile strain oneach brace D^^D^ = 2io2243lbs. 
The sectional area, by Eq. (32), will therefore be 
WF 21022-43 X 3 

A = -j- = §5555 = ï'05> or I square inch. 

Dimensions of struts, 

The compressive strain on each strut 5„ 5, = 2661 1 Ibs. 
By Eq. (31), square section, 

..^,-^+ /^_L/,^.+ f\ > 266£i^5 /26611X5 /2304 26611x5V 

^-'^ - 2/^ N^/^V^' ^4/; - 2XI3O0O ^ N/ 12000 \250 "^ 4X12000/ 

= 5*^ + V 134- 5792 = 5-6+1 r6 = 17-2 or 17J square inches. 

The sectional area of each strut is therefore \']\ square 
inches = 4^ inches square. 

Case 2. — Live-load^ a crowd. 

Theweight of a crowdper square-footof road-way= 120 Ibs. 
The dead-load at centre of each bay of girder = 4320 Ibs. 
The dead-load at each intermediate support = 8640 Ibs. 
The live-load at the centre of each bay of girder, by 

Table I. = fîl X 2240 = 2880155. 



112 



The live-load at each intermediate support, by Table I. 

= ^g X 2240 = 5760 Ibs. 

The live-load reduced to dead-load at the centre of each 

bay of girder = 2880 X 2 = 5760 Ibs. 
The live-load reduced to dead-load at each intermediate 

support = 5760 X 2 = 1 1520 Ibs. 
Total dead-load at centre of each bay = 4320 + 5760 

= 10080 Ibs. 
Total dead-load at each intermediate support = 8640 

+ 1 1520 = 20160 Ibs. 
Depth of girder by Eq. (34) 

= - = — = 4 feet, cot. ^ = 3, cosec. ^ = 3-16 
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S train on parts ofgirder. 
By Table III., 

Strains on C,, C, = W cot. 6 = 20160 X 3 = 6o48olbs. 

Stnùn on C. = ^ cot. 6 = 4 X 20160 ^i ^^^^^^jf 

Strain on B,.B, =~ = lA^l^ = 26880 Ibs. 

Strain on 7\, T'a = FTcosec. ô = 20160 X 3'i6 = 637056 Ibs. 

o . rr aïT ^ 2 X 20160 X 3 

Strain on Tt = -— cot. = ^ = 40320 Ibs. 

o . r^ r^ ^ >, 20160 X 3-16 

Strain on Z^i, /;, = — cosec. 6 = — = — = 21235*2 Ibs. 

Bending-moment on beam, by Eq. (14) 

Wi 10080 X 144 ^ „„ „ 

— = — = 362880 Ibs. = Af 

Dimensions 0/ beam. 
By Eq. (25) 

HF ^ 6MF ^ 80640 X 5 ^ 6 X 362880 X 5 ^ 33-6 , 9072 
^ ^ fd fd* " I2000rf 120005^ ""~J~ ~d*~ 

Assuming ûf = 1 2 J inches, 

b = 274 + 604 = 878 or 8f inches. 
f bd =33*6 1 

The beam will therefore be 8f by I2i inches. 

Dimensions of iron lies. 

The tensile strain on each of the inclined ties T",, 7*3 

= 637056 Ibs. 

The sectional area, by Eq. (32), will therefore be 
WF_ 637056 X 3 

A = -j êoôôô ~ ^* square inches. 

The tensile strain on the horizontaltie T^ = 40320 Ibs. 

The sectional area, by Eq. (32), will therefore be 
WF _ 40320 X 3 ^ 

A = —j 6obbo~ = 2-0IO square inches. 

Dimensions of braces, 

The tensile strain on each brace Z?„ /?,= 21 235*2 Ibs. 

The sectional area, by Eq. (32), will therefore be 

WF _ 21235-2 X 3 , . ^ 

A = -y 60600 ^ roo square inches. 
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Dimensions of struts, 
The compressive strain on each strut B^^ B^ = 2.6880 Ibs. . 
By Eq. (31), square section, 



A r^ d^ 



_ /> \P/ ^ P\ 268^0x5 _^ / 26S80 X 5 / 2304 26880 X 5 \ 

" 2/^ n//^^'^ 4// "2x12000 f\i 12000 \ 250 4x12000/ 



= S-6 + V 134-5792 

= 5'6+ ir6 = 17*2 square inches 

= 4J inches square. 

Case 3. — Live-load^ a 4 ton roller, 

Weight of roller one ton per foot-run = 4 tons. 
The dead-load at the centre of each bay = 4320 Ibs. 
The dead-load at each intermediate support = 8640 Ibs. 
The live-load of a 4 ton roller, greatest effect on one 

girder, is by Ex. I., case 3 = 3 tons = 6720 Ibs. 
The live-load at the centre of each bay, by Table I.= 

W = 6720 Ibs. 
The live-load at intermediate support No. i = 6720 Ibs. 
The live-load at intermediate support No. 2 = 
The live-load reduced to dead-load at the centre of each 

bay = 6720 X 2 = 13440 Ibs. 
The live-load reduced to dead-load at intermediate point 

No. I = 6720 X 2 = 13440 Ibs. 
The live-load reduced to dead-load at intermediate point 

No. 2 = 0. 
Total dead-load at centre of bay = 4320 + 13440 = 

17760 Ibs. 
Total dead-load at support No. i = 8640 + 13440 = 

22080 Ibs. = W, 
Total dead-load at support No. 2 = 8640 + o = 8640 Ibs. 

= wr 

Depth of girder, by Eq. (34) 



= 4 feet, cot. ^ = 3, cosec. ^ = 3*16 



30 R 
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Strains on parts of girder. 
By Table IV. 
Strain on Ci, C, 

I ÏF' + I {W— ^0 }cot. B = |864o+ f (22080—8640) j 3 

= 3 (8640 + 8g6o) = 52800 Ibs. 

Strain on C^ 

= } (^' + W') cot. ^ = i (22080 + 8640) 3 = 61440 Ibs. = H. 

Strain on 5„ 5, 

W^' 8640 

= fF H = 22080 ■\ — ^ = 24960 Ibs. 

Strain on T'j, 7^ 
-[w^- \{J^—W^ } cosec. ^ = 1 8640+3 (22080-8640) j 316 

= 3-16 (8640 + 8960) = 55616 Ibs. 
Strain on T^ 

= i (^' + ^0 cot, tf = I (22080 + 8640) 3 = 30720 Ibs. 

Strain on Z?i, D^ 

W ^ 22080 ^ ^ ^ „ 

= — cosec. 6 = — — X 3-16 = 23257-6 Ibs. 

Greatest bending-moment on beam, by Eq. (14) 

Wl 17760 X 144 ^ . i.,u ;ir 

= = UJ. — ZT -- 639360 inch-lbs.=i^/. 

4 4 

Dimensions of beam, 
By Eq. (25) 
, _ HF^ , 6^^/" _ 61440X5 6 X 639360 X 5 _ 25^6 1598-4 

^^ fd'^ fd} " 12000/ "^ 12000/* " ^ + c/* 

Assuming </ = 14 inches, b = 1*83 + 8*15 = 9*98 or lO inches. 

The beam should therefore be 10 by 14 inches. 

Dimensions of wrought iron lies, 

The tensile strain on each tie 7^, T^ = 55^16 Ibs. 

Thcir sectional area should therefore be, by Eq. (32) 

WF 55616X3 ^ . ^ 

A = —J = —5^3555— =278 square inches. 

The tensile strain on tie 7i = 30720 Ibs. 
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Its sectlonal area should therefore be, by Eq. (32) 

A — ^^'^ 30720 X 3 
A — y— = ~6ôôôô~ ~ ^'^^ square mches. 

Dimensions of traces. 

The tensile strain on each brace Z?i, D^ = 23257*6 Ibs. 
The sectional area should therefore be, by Eq. (32) 

WF 23258X3 ^ . ^ 

A = -yr- = — g oQQQ = l'io square inches. 

Dimensions of strut. 

The compressive strain on each strut Bi^ B% = 24960 Ibs. 
By Eq. (31), square section 

2/ ^ / ^ W 

_ 24960 X 5 , / 24960 X 5 /2304 24960 X 5 \ 
2 X 12000 'V 12000 \ 250 •" 4 X 12000/ 

= s'2 + Vi 22-8864 
= 5*2 + I i-o8 = 16*28 square inches. 
.\ The section = i6'28 square inches = 4\ inches square. 

Case 4. — Live-load^ an 8 /^;î steam^roller , 

The dimensions and weight of the 8 ton steam-roller 

are as given in Ex. I., case 4. 
The dead-load at the centre of each bay = 4320 Ibs. 
The dead-load at each intermediate support = 8640 Ibs. 
The live-load consists of two moving weights 
W^ = 35 tons = 7840 Ibs., W^ = 1*31 tons = 2987 Ibs. 
moving at a distance f = 7 feet 10 inches = 94 inches. 

In ihis case c is less than /, but gréa ter than -; 

Therefore, by Table I., 

Live-load at the centre of each bay= ^^, = 7840 Ibs. 

Live-load at one intermediate point = ^, + * \^0 
= 784o + ^^^<;^-^> = 8877-.5lbs. 

*44 

Live-load at the other intermediate point 

_ )^.f _ 2987X94 

" 1 M^ = ^949-^S Ibs. 
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Live-load = dead-load at centre of each bay = 7840 X 2 

= 1 5680 Ibs. 
Live-load = dead-load at one intermediate point = 8877 X 2 

= 17754 Ibs. 
Live-load = dead-load at the other intermediate point 

= 1950 X 2 = 3900 Ibs. 
Total dead-load at centre of each bay = 4320 + 15680 

= 20000 Ibs. 
Total dead-load at one intermediate point = 8640 + 17754 

= 26394 Ibs. = JV\ 
Total dead-load at the other intermediate point = 

8640 + 3900 = 1 2540 Ibs. = W^ 
Depth of girder = 4 feet, cot. = 3, cosec e =3*16. 

Strains on parts of girder. 
By Table IV., 
Strain on Ci, Ci 

= { ^"+1 (^'-/TO } cot. ^= I i2S40+i (26394—12540) j X 3 

= 3 (12540 + 9236) = 65328 Ibs. 
Strain on C^ 

-1{W''\-W') cot. ô = I (26394 + 1 2540) X 3 = 77868 Ibs. = H, 
Strain on ^1, B^ 

= jT' + ^' = 26394 + ^ = 30574 Ibs. 
Strain on Ti, 7^ = { W'' ^-^iW— W) | cosec. fl 
= I 12540 + 1(26394 — 12540) j X 3* 16 = 688 12- 16 Ibs. 

Strain on T^ 

= H»^' + W) cot. fl = (^ 394 + .^2540) X 3 ^ 38^3^ ^ 



Strain on Z?i, D 



2 



W 26^04 

= — cosec. ^ = — ^ X 3-16 = 27801-68 Ibs. 

Bending-moment on beam, Eq. (14) 

Wl 20000 X 144 . , ,u 

= -7- = ' = 720000 mch-lbs. = i^. 

4 4 
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Dimensions of beam. 
Greatest strain is on centre portion and by Eq. (25) 

_ HF 6MF _ 77868 X 5 6 X 720000 X S _ 3244 1800 
fd'^ fd^ "" 12000/ "** 12000^ ■" d +, ^~ 

Assuming ^= 14J inches, ^ = 2*19 + 8*27 = 10-46 or \o\ inches. 

The beam will therefore be 10^ by 14! inches, as 
I : ,J2, Eq. (24). 

Dimensions of iron ties, 

The tensile strain on each of the ties 7",, T^ = 688 1 2* i61bs. 

The sectional area by Eq. (32) will, therefore, be 

WF 688 12- 16 X 3 
A = -y- = g^^^^ = 3'44, or 3^ square inches. 

The tensile strain on T^ = 38934 Ibs. 

WF 38934 X 3 
^ = y-- = — e oooo ~ ^ *^' ^"^ ^ square inches. 

Dimensions of brdces. 

The tensile strain on each brace Z?„ Z?, = 27801*68 Ibs. 
The sectional area will, therefore, be, Eq. (32), 

WF 2780168 X 3 
A = -y = 6ÔÔÔÔ ^ ^'^^' ^^ ^^ square inches. 

Di^yiensions of struts or legs, 

The compressive strain on each strut 5„ B^ = 30574 Ibs. 
The sectional area by Eq. (31), square section, 



^ = rfa ^ _^ 4. I^( i%+-\^ 30574 X 5 ^ /30574 X 5/2304 ^ 30574 X 5 \ 

^2/ Sj f\ 4// 2 X 12000 ^ 12000 \ 250 4X 12000/ 

= 6-37 +;ij 157-98874 
= 637 + 12-57 
= 18-94, or 19 square inches. 
= 4î inches square. 
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Case 5. — Live-load^ a 10 ton steam-roller . 
The dimensions and welght of the 10 ton steam-roller 
are as given in Ex. I., case 5. 

The dead-load at the centre of each bay = 4320 Ibs. 
The dead-load at each support = 8640 Ibs. 
The live-load consists of two moving weights, 

W^ = 4'437 tons = 9940 Ibs. 
JT, = 1-568 tons = 3512 Ibs. 

moving at a distance f = 9 feet*7 inches =115 inches. 
In this case r is < / but > - ; therefore, by Table I. 
Live-load at the centre of each bay = JTi = 9940 Ibs. 

Live-load at one intermediate support = fTi H ^-y 

, 3512(144 — 115) ^ ,, 
= 9940 + ^^ ^ ^ = 10647 27 Ibs. 

Live-load at the other support 

W^X c 3512 X IIS 
= -y- = 144 = 280473 Ibs. 

Live-load reduced to dead-load at centre of each bay 

= 9940 X 2 = 19880 Ibs. 

Live-load reduced to dead-load at one intermediate 

support 

= 10647 X 2 = 21294 Ibs. 

Live-load reduced to dead-load at the other interme- 
diate support 

= 2805 X 2 = 561C Ibs. 

Total dead-load at centre of each bay 

= 4320 + 19880 = 24200 Ibs. 
Total dead-load at one intermediate point 

= 8640 -f 2 1 294 = 29934 Ibs. = W\ 
Total dead-load at the other intermediate point 

= 8640 + 5610 = 14250 Ibs. = JF^ 
Depth of girder = 4 feet, cot. ^ = 3, cosec. ^ = 3" 16. 

S trains on parts of girder, 
By Table IV. 

Strain on C„ C3 

= { ^''+ \iW-W") } cot e- 1 14250 + 1 (29934 — 14250) } X 3 

= 3 (14250 -f 10456) = 741 18 Ibs. 
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Strain on C, 
= î (^' + W) cot. fi = î (29934 + 14250) 3 = «8368 Ibs. = H 

Strain on B^y B^ 



= ^ + ^ =29934+ ^^-34684 Ibs. 

Strain on T",, T^ 
= { W''+ I (W—W) jcosec^ = I 14250+1 (29934+14250) I 3-16 

= 3' 16 X 24706 = 7807096 Ibs. 

Strain on T^ 
^^(W' + W") cot. e = 3_(!9934±i42_S2) = 44,84 Ibs. 

Strain on /?,, D^ 

W'' 29934 X 3* 16 ^ _ „ 

= — cosec e = ^^ — = 31530-48 Ibs. 

Greatest bending-moment on beam, 
By Eq. (14) 

^^ — 24200 X 144 o . , „ 1^ 

= — = — — = 87 1 200 mch Ibs. = /!/. 

4 4 ' 

Dimensions of beam, 

Greatest strain is on centre portion, and by Eq. (25) 

^ _ HF , 6MF_ 88368 X 5 6X 871 20 X 5 _ 3682 , 2178 
/d /d* 12000/ "^ 12000J* d d* 

Assuming ûf= 15I, = 2*35 + 8*92= 1 1*27 or i i^inches. 

{ bd^ = 2178^ } ^^^ ^^^^ Tables), 

The beam should therefore be 11 J by 15^ inches, as 
I : V 2, Eq. (23). 

Dimensions of iron lies, 

The tensile strain on ties T^, T^ = 78070*96 Ibs. each. 

Their sectional area should therefore be, by Eq. (32), 

. WF 78070 X 3 
A = —j- = — 6Ô5ÔÔ — ~ ^'^ ^^ ^ square inches. 

The tensile strain on tie T^ = 44184 Ibs. 

. WF 44 184 X 3 1 . u 

A = —TT- = — §5555 — = 2'2 or 2J square inches. 
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Dimensions of hraces. 
The tensile strain on eachbrace Z?i, D^ =3153048 Ibs. 

A = -y = êôoôô = ï'S7 square inches. 

Dimensions of legs or struis, 

The compressive strain on each strut Bi^ B^ 

= 34684 Ibs. 

Their sectional area should be, by Eq. (31), square 
section, 

^ = rfi«.^_+ /^/j,4- ^\ 34684x5 ^ /34684X 5/2304 _^ 34684x5 \ 

2/ f^ f\ 4// 2X12000 N^/ 12000 \ 250 4X12000/ 

= 7-225 + ^785-37905 
= 7-225 + 13-615 

= 20-84 or 2 1 square-inches. 
= 4| inches square. 

Example IV. 

Required to find the scantlings of the parts of a girder 
supported by raking-struts, Fig. VIII., span 36 feet. 
The points of support divide the girder into three equal 
parts. Girder of teak wood, one of five to support a 
road-way. 

Case I. — Live-loady one ton per foot-run. 

The dead-load at the centre of each bay 

12 X 4 X 180 
= = 4320 Ibs. 

The dead-load at. each interniediate support 

= 12 X 4 X 180 = 8640 Ibs. 
The live-load at the centre of each bay of girder, by 
Table I. 

_ 7d/ _ 12 X 4 V O 1U 

The live-load at each intermediate point of support, by 
Table I. 

- ^- j^ X 2240 = 5659 Ibs. 
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The live-load reduced to dead-load at centre of each bay 
= 2829-5 X 2 = 5659 Ibs. 

The live-load reduced to dead-load at each support 

= 5659 X 2 = ii3i81bs. 
Total dead-load at centre of each bay of girder 

= 4320 + 5659 = 9979 Ibs. 

Total dead-load at each support 
= 8640 + 11318 = 19958 Ibs. 

Strut foot below beam by Eq. (34) = - = — = 4 
Length of struts C,, C^ 

= V12* + 4* = I2"6s feet = 150 inches. 

Length of straîning-beam = 12 feet = 144 inches. 

12 ^ V12* + 4* 

cot. ^ = — = 3, cosec B = — ;— — =^ = 3« 16 
4 4 

Strains on parts of girder. 
By Table V., 
Compressive strain on struts Ci, C, 

= ^ cosec. B = 19958 X 3*i6 = 63067-28 Ibs. 
Strain on straining-beam C^ 

= —r- cot. tf = § X 19958 X 3 = 39916 Ibs. 

Bending-moment on beam, Eq. (14) 

Wl 9979 X 144 

= 7- = A = 359244 Ibs. = M. 

4 4 

Dimensions of beam, 
By Eq. (20), 

By Eq. (24), 

è(P=y =89811 

/. d = •/ 1257-35 = 10*8 or 10} inches 
b=\r = 771 or 7î inches 

The beam will therefore be 7I by loj inches. 
31 R 
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Dimensions 0/ strut, 
By Eq. (31), square section 

_ 63C67-28 X 5 l 6y^T2^ X 5 722500 6306728 X 5 v 
"" 2 X 12000 "*"n/ 12000 ^^ô •" ~4X 12000 / 

= Ï3'ï39 + V 2537-653321 

= I3-Ï39 + 50*375 

= 63*5 14, or 64 square-inches 

= 8 inches square. 

Takîng one dimension of the strut = least dimension 
of beam = 7I inches. 

By Eq. (31), 

, _ />(^ + rO _ ^^^ ^ ^ {(7^)'+ -25?} 
"^ "" /ûf* "" 12000 X (73)* 

_ 315340 X 1500625 

720750 

= 65-6548 

656548 
/. The other dimension of the stnit = —^rwr- = 8*47 or 84 inches. 

7 75 ' 

Dimensions of straining-beam, 

Thecompressive strain on straining-beam Ca = 399i61bs. 

By Eq. (31), 



_ 39916 X 5 , 7 399^6 X 5 / 20736 , 3 99'6 X 5 V 
2 X 12000 'N/ 12900 V 250 ' 4 X 12000/ 

= 8-316 + V1449013104 
= 46-381 square inches. 
•*• Area of square section of straining-beam = 46-381 square inches 
= 63 inches square. 

As the breadth of the beam and strut = 7I inches, 
the straining-beam in practice would be made of the same 
breadth. 

No/e. — In this case the loads on the points of support, the strains on 
parts, and the bcnding-moment on the beam are the same as in £x. III., 
case I. 
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Case 2. — Live4oady a crowd at 120 Ihs. per square-foot. 

The dead-load at centre of each bay of girder, case i 

= 4320 Ibs. 
The dead-load at each support = 8640 Ibs. 
The live-loadat centre of each bay of girder, by Table I. 

= YY^ X 2240 = 2880 Ibs. 
The live-load at each întermediate support, by Table I. 

= ^ X 2240 = S760 Ibs. 
The live-load reduced to dead-load at centre of each bay 

= 2880 X 2 = S760 Ibs. 

The live-load reduced to dead-load at each support 

= S7^ X 2 = iiS20lbs. 
Total dead-load at centre of each bay 

= 4320 + S760 = 10080 Ibs. 
Total dead-load at each support 

= 8640 4- 1 1520 = 20160 Ibs. 
By case i, length of struts = 150 inches. Length of 

straining-beam = 144 inches. 

Also, cot. ^ = 3, cosec. B = 3' 16. 

Stratus on parts of girder, 
By Table V. 

Strain on struts C,, C3 = ïT cosec. 6 = 20 160 X 3*16 = 63705*6 Ibs. 

Strain on straining-beam C, = | Wcoi, 5 = f X 20160 X 3 = 40320 Ibs. 

Wl 10080 X Î44 

Bending-moment on main beara = — -= = 362880 lbs.=:^/. 

4 4 

Dimensions of beam, 

By Eq. (20), 

, ^ 6MF 6 X 362880 X 5 

By Eq. (24), 

ba^ = --- ^ 9072 
/. (/ = io2 inches, b = 7J inches. 

The beam will therefore be 7! by loj inches. 
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Dimensions of slruts. 

The compressive strain on each strut Ci, Cs 

= 63705-6 Ibs. 
Taking one dimension of a strut = least dimension 
of beam = 7Î inches. 

By Eq. (31) 

^ _ P(jMifO , ^37056 X 5 { (7f)« + ^1 

/^ 12000 X (7î)« 

47799108 ^ 
"^ 720750 ^ ^'3^ " ^^^ ^^ ^^^*^- 

66-32 „ ^ «. . , 
— — = 8*56 or 8f inches. 

The strut dimensions will therefore be 7I by 8^ inches. 

Dimensions of straining-beam. 
The compressive strain on beam Ci = 40320 Ibs. 



P I P / P\ 

Area = ^ = -> + ,»^ /V^"!" I/) ^X ^^* (30 square section. 

_ 40320 X 5 , / 40320 X 5 / 20736 40320 X 5 v 
12000 "T" n/ 12000 ^ 250 "' 4 X 12000/ 

= 8-4 + 38-26 
= 4666 

d =• ^46-66 = 6*8 or 6| inches square. 

iV(?/^. — In this case the loads on intennediate points, the strains on 
parts, and the bending-moment on the beam, are the same as in Ex. III. , 
case 2, 

Case 3. — Live-loady a 4 ton roller. 

Weight of rpller one ton per foot-run = 4 tons. 
The dead-load at the centre of each bay, case i 

= 4320 Ibs. 
The dead-load at each intermediate support = 8640 Ibs. 
The live-load of a 4 ton roller, greatest effect, on one 

girder is by Ex. I., case 3 = 3 tons = 6720 Ibs. 
The live-load at centre of each bay, by Table I. 

= ^ =i 6720 Ibs. 
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The live-load at intermediate support No. i =6720 Ibs. 

The live-load at intermediate support No. 2=0 

The live-load reduced to dead-load at centre of each bay 
= 6720 X 2 = 13440 Ibs. 

The live-load reduced to dead-load at support No. i 
= 6720 X 2 = 1 3440 Ibs. 

The live-load reduced to dead-load at support No. 2 = 

Total dead-load at centre of each bay 

= 4320 + 13440 = 17760 Ibs. 
Total dead-load at support No. 1 

= 8640 + 1 3440 = 22080 Ibs. = W\ 
Total dead-load at support No. 2 

= 8640 + o = 8640 = fr\ 
By case i, length of struts = 150 inches, length of 

straining-beam 144 inches. 

Also, cot. = 3, cosec. 6 = 3* 16. 

S trains on parts ofgirder, 

By Table VI., 

Strain on struts C, C^ 

/2 X 22080 I 864OV , , 

= (* '^ + i ^0 cosec e = 3-16 \ "^ 3 ) = 55616 Ibs. 

Strain on straining-beam C, 

= i (J^ + ^'0 cot ^ = i (22080 + 8640) 3 = 30720 Ibs. 
Bending-moment on main beam, Eq. (13) 

Wl _ 17760 X 144 ^ ^ . u lu n;r 

= — = -^ ^^ = 639360 mch-lbs. = M, 

4 4 

Dimensions of beam, 

By Eq. (20) 

,^ 6MF 6 X 639360 X S o 

b<P = — ?- = ^^^ ^ = Kq8'4 

/ 12000 ^^^ 

By Eq. (24) 

èd^^z ^* = 1598-4 
••.^ = ^"223776 = 131 

* = f = 9» 
The dimensions of the beam are therefore 9I by 1 3 J inches. 
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É 

Dimensions ofstruts. 

The compressîve strain on each strut Ci, Ca = 5S6i6 Ibs. 
By Eq. (31), square section, 



= ^ = W7("- + ^) 



_ 55616 X s . / 55616 X 5 /?2500 , 55616 X 5 

2 X 12000 N/ 12000 \ 250 4 X 12000 

= "'59 + 47'" = 5870 
.'. d =: V587 = 7'6 or 7J inches 

Dimensions of straining-beam. 
The compressîve strain on Ca = 30720 Ibs. 



/> /p / p 

Area = i" = ->+ /^/ -7 K^ + -^) Eq- (sO square section. 



_ 30720 X 5 / 30720 X 5 /20736 30720 X sv 

2 X 12000 "^ n/ 12000 V 250 '4X1 2000/ 

= 6-4 + 33*21 = 3961 
/. d = V39'6i = 6*3 or 6J inches. 

Note. — In this case thc loads on intermediate supports, the strains on 
parts, and bcnding moments on beam, are the same as in Ex. III., case 3. 

Case 4. — Live-load^ an 8 ton steam-roUer. 

The dimensions and weight of the 8 ton steam-roller 
as given in Ex. I., case 4. 

The dead-load at the centre of each bay, case i 

= 4320 Ibs. 

The dead-load at each intermediate support = 8640 Ibs. 
The Hve-load consists of two moving weights 

W^i = 3'5 tons = 7840 Ibs. 
W^ = 1-31 tons = 2987 Ibs. 

Moving at a distance ^ = 7 feet 10 inches = 94 inches. 

In this case c is less than /, but greater than - 

Therefore by Table I., 

The live-load at the centre of each bay = W^, = 7840 Ibs. 
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The Hve-load at one intermediate point 

= ^. + 5^^ = 7840 + ^987 (144-94) ^ gg^^,^ ,,3. 

The live-load at the other intermediate point 

JF^c 2987 X 94 _, ,^ 

The live-load reduced to dead-load at centre of each bay 

= 7840 X 2 = 15680 Ibs. 

The live-load reduced to dead-load at one intermediate 
point = 8877 X 2 = 17754 Ibs. 

The live-load reduced to dead-load at the other inter- 
mediate point = 1950 X 2 = 3900 Ibs. 

Total dead-load at centre of each bay 

= 4320 + 15680 = 20000 Ibs. = TF. 

Total dead-load at one intermediate point 

= 8640 + 17754 = 26394 Ibs. = TF\ 

Total dead-load at the other intermediate point 

= 8640 + 3900 = 12540 Ibs. = JF". 

By case i, length of struts = 150 inches. Length of 
straining-beam = 144 inches. 
Also cot. ^ = 3, cosec. 6 = 3* 16. 

Stratus on parts of girder. 
By Table VI., strain on C^ C3 

(î ^' + i ^0 cosec. ô == 3- 16 (?^^Y^ + ^^ =^^'2* ^ 

Strain on C2 

= i ( PP + W) cot. ô^i (26394 + 12540) 3 = 38934 Ibs. 

Bending-moment of the beam, Eq. (14) 

JFl 20000 X 144 
= — = T — — = 720000 Ibs. = M. 

Dimensions of beam, 

By Eq. (20), 

_ eMF _ 6 X 7200Q0 X 5 _ 
^^ - "7^ " 1^555 = '^ 
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By Eq. (24) 

^ = ^ = 1800 
7 



^ = AJ2S20= 13I 
à- 7 =9î 

The beam dimensions are therefore 9! by 13I inches. 

Dimensions of struts. 

The compressive strain on C,, C^ =68812 Ibs. each. 
By Eq. (31), square section, 



_ 68812 X 5 / 68812 X S / 22500 68812 X 5 v 

"" 2 X 12000 ■" n/ 12000 V 250 "^ 4 X 12000/ 

= 14-34+5278 
= 67*12 square inches. 
/. </ = 8'igb or 8^ inches square. 

Dimensions of straining-beam. 
The compressive strain on C% = 38934 Ibs. 



p IP / P\ 

i4 = <f* = ^ + sj~r\f^ + Tf) by Eq. (31) square section 



_ 38934 X s / 38934 X 5 / 20736 38934 X S v 

2 X 12000 "^ '^ 12000 V 250 ' 4 X 12000/ 

= 8-1 1 + 37'S7 

= 45*68 square inches. 



,% d = V45*68 = 6} inches square. 

No/e. — In this case the loads on intermediate points, the strains on 
parts, and the bending-moment of beam, are the same as in Ex. III., case 4. 

Case 5. — Live-load, a 10 ton steam-roller. 

The dimensions and weight of the 10 ton steam-roller 
are the same as given in Ex. I., case 5. 

Thedead-load at the centre of each bay, case i =432olbs. 
The dead-load at each support = 8640 Ibs. 
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The live-load consists of two moving weights 

ÎF^ = 4*437 tons = 9940 Ibs. 
W^ = 1*568 tons = 3512 Ibs. 
Moving at a distance ^ = 9 feet 7 inches = i iS inches. 

In this case r is < /, but > ~ ; therefore by Table I. 

The live-load at the centre of each bay 

= ^j = 9940 Ibs. 

The live-load at one intermediate support 



^w,-\- 



l 



, 3512(144—115) ^ 

= 9940 + ~ — ^~ ^ = 10647 27 Ibs. 

• Live-load at the other support 

^W^Xc 3512 X 115 

= -V- = 144 = 280473 Ibs. 

Live-load reduced to dead-load at centre of each bay 

= 9940 X 2 = 19880 Ibs. 

Live-load reduced to dead-load at one support 
= 10647 X 2 = 21294 Ibs. 

Live-load reduced to dead-load at the other support 
= 2805 X 2 = 5610 Ibs. 

Total dead-load at centre of each bay 

= 4320 + 19880 = 24200 Ibs. = W, 

Total dead-load at one support 

= 8640 -f 21294 = 29934 Ibs. = W\ 

Total dead-load at the other support 

= 8640 + 5610 = 14250 Ibs. = W. 

By case i , length of struts = 1 50 inches ; length of 
straining-beam = 144 inches. 

Also, cot ^ = 3, cosec 6 = 3* 16. 

Strains on parts of girder. 

By Table VL 
Strain on Ci, C^ 
= (§ W^r\ ^V") cosec. ô=3' 16 (^—^^^ Il^o^^^g^^^.^ ^^ 
32 R 
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Strain on C^ 

= 4 ( ^' + W) cot e = 29934 + 14250 = 44184 Ibs. 
Bending-moment on beam, Eq. (14) 

Wl 24200 X 144 „ . , „ 

= — = , — = 871200 inch.lbs.=ilf 

4 4 

Dimensions of beam. 

By Eq. (20) 

6MF 6 X 871200 X s 

*^ = -7^ = — r455 — ^ = ^'78 

By Eq. (24) 

^^• = ^ = 2178 

^ = y = 10} 
The beam dimensions are therefore io| by 14! inches. 

Dimensions of struts. 

The compressive strain on Cj, C3 = 78071 Ibs. 
By Eq. (31), square section 



A = d'=^+J^(cr + ^) 



_ 78071 X S / 78071 X S / 22S00 7 8071 X 5v 

"" 2 X 12Ô00 "• n/ 12000 V 250 "■ 4 X 12000/ 

= 1626 + S^'SO = 7276 square inches, or 8f inches square. 

Dimensions of straining^beam. 
The compressive strain on Cj = 44184 Ibs. 



_ 44184 X 5 , / 44184 X S /20736 . 44184 X S\ 

2 X 12000' n/ 12000 V 250 •" 4 X 12000/ 

= 9*205 + 40157 = 49*362 square inches. 
/, d = each side = 7^ inches. 

No/e. — In this case the loads on intermediate supports, the strains on 
parts, and the bending-moment of beam, are the same as in £x. III., 
case 5. 
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Example V. 

Requlred to find the dimensions of the several parts 
of the trussed girder, Fig, IX., with three intermediate 
supports. The girder is symmetrical, one of five to 
support a road-way. Span 48 feet. 

Case I. — Live-load^ one ton per foot-run of road-way, 

The dead-load at centre of each bay 

12 X 4X 180 
= ^ = 4320 Ibs. 

The dead-load at each intermediate support 
=z 12 X 4 X 180 = 8640 Ibs. 

The Hve-load at centre of each bay of girder by Table I. 

/(/ 12 X 4 ^ 
= ^ = 2 X-19 ^ 2240 = 2829-5 Ibs. 

The live-load at each intermediate point of support by 
Table I. 

= ;g = — ^ X 2240 = 5659 Ibs. 

The live-load at centre of each bay of girder reduced 
to dead-load = 28295 x 2 = 5659 Ibs. 

The live-load at each intermediate point of support 
reduced to dead-load = 5659 X 2 = Ii3i8 1bs. 

Total dead-load at centre of each bay 

= 4320 + 5659 = 9979 Ibs. 
Total dead-load at each intermediate point of support 

= 8640+ 11318 = 19958 Ibs. 

The length of the centre leg of the girder, by Eq. (33) 

= ô = -Q- ^ leet. 
The length of each of the side legs, by Eq. (35) 
4 : 3 :: 6 : to length = — — = 4^ feet. 



252 ROAD BRIDGES. 



Cosec. .= ^/-î^lii:^ = i^ = 2-848 



Cosec. » = ^'^' + '■'' = 1^-338 ^ 

n a /J^2» + 6* 13.416 

Cosec. = ^'^ — g = ^g — = 2-236 

Strains on parts qfgirder. 
By Table VII. 
Strain on Ci, d 

3 ^ . 3 X Ï99S8 X 8 « ,. 

Strain on Cj, Ça 

ïS^ ^ 15 X 19958 X 8 
= -|-cot.^= g ^^ = 99790 Ibs. = ^. 

Strain on Bi, B^ 

iW 3 X 19958 
= 2 = ^^ = 29937 Ibs. 

Strain on B^ 

TW 7 X 19958 ^ ,^ 

Strain on 7i, 7^4 

= ^ cosec. e = ^ ^ '^^^ X2-848=8526o-57lbs. 
2 2 

Strain on T'a, T'a 

3 ^ ^ 3 X 19958 ^^ o ^ ^ 

= ^ cosec. ^ = ^ — g^^^ X 8-o6 =60323-05 Ibs. 

Strain on Z?i, D^ 

W ^ 19958 ^ ^ ,, 

= — cosec. = -^f^ X 2-236 = 22313-04 Ibs. 

2 ^ 

Strain on /?,, A 

3 ^ /i 3 X 19958 ^, „ „ 

= ^ cosec. ^=^^ — g^^^ X2-848 = 2i3iS-i4lbs. 

Bending-moment on beam by Eq. (14) 

= WI ^ 9979XJ44 ^ 35^2^4 Ibs. ^M. 
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Dimensions ofbeam, 
By Eq. (25) 

HF 6J//'_ 99790Xs 6 X 359244 X 5 _ 4rs8 898-11 

^ " /d '^ /d* "■ l20O0d "^ 12000^ ""£/ + </• 

Assuming </ = 12J inches, 3 = 3-32 + 575 = 9*07 inches. 

bd = 4158 1 . 

^^ = 89811 /(>'' ^^^^ ^^^^^^)- 

The beam dimensions are therefore 9 by I2| inches. 

Dimensions of wrought iron ties. 

The strain on the inclined ties T^i, T^ each = 85260*57 Ibs, 

Their sectional area should therefore be, by Eq. (32) 

WF 85260-57 X 3 ^ , . u 

A = -y- = 6o(X)0 — "^ "*' ' °^ ^* ^"^ mches. 

The strain on the inclined ties T'a, 7", each = 60323*05 Ibs. 
WF_ 6032305 X 3 _ . , 

A = ~y 6qqqq ^'^'' °^ ^ square mches sec. area. 

Dimensions of braces. 

The strain on the braces A> A each = 22313-04 Ibs. 
WF _ 22313-04 X 3 , . , 

A ^—TT = "^^^Q^ — --=- rii, or H square inches. 

The strain on the braces Ai A each = 21315-14 Ibs. 
FFi^_ 21315-14 X 3 _ ^ . , 

A = -y: ^QQQQ i-o6, or I square inch. 

Dimensions of centre strui. 

The length of this strut = 6 feet=72 inches. 
The compressive strain on B^ = 34926*5 Ibs. 

By Eq. (31), square section 



=^^l+jU"'+B) 



_ 3492 6s X s / 34926-5 X 5 / 5184 349265 X 5 v 

2 X 12000 "^n/ 12000 V2S0 4 X 12000 / 



= 7-276 + V 354-690448 

= 7-276 + 18-833 = 26-109 square inches. 

/, Area of section = 5^ inches square. 



♦. 



» 



I 
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Dimensions of side struts. 

The length of each strut = 4^ feet = 54 inches. 
The strain on each strut Bi^ B^ = 29937 Ibs. 
By Eq. (31), square section 

_, 29937 X s , 7 29937 X s /2916 29937 X^ v 

2X12000 'n/ 12000 V 250 ^ 4 X 12000/ 

= 6-24 + Vi84-S0432 

= 6-24 + 13-58 = 19*82, or 20 square inches. 

/. Area of section = 4^ inches square. 

Case 2. — Live-load^ a crowd at 120 Ibs. per square foot, 

The dead-load at the centre of each bay = 432o Ibs. 
The dead-load at each intermediate support = 8640 Ibs. 
The live-load at the centre of each bay of girder, by 

Table I. = |^ x 2240 = 2880 Ibs. 

112 ^ 

The live-load at each intermediate support, by Table I. 
= ^ X 2240 = 5760 Ibs. 

The live-load reduced to dead-load at centre of each 
bay of girder = 2880 X 2 = 5760 Ibs. 

The live-load reduced to dead-load at each inter- 
mediate support = 5760 X 2 = 1 1520 Ibs. 

The dead-load at centre of each bay of girder 
= 4320 + 5760 = 10080 Ibs. 

The dead-load at each intermediate point of support 
= 8640 + 1 1520 = 20160 Ibs. 

The length of centre leg by Eq, (33) 
_ _/ _ 48 _ ^ , 

The length of side legs by Eq. (35) 

= — — ^ = 4i feet. 
4 

From case 1 
Cot. ^ = I, cosec. 6 = 2*848, cosec. ^ = 80622, cosec. /3 = 2*236 
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Stratns on parts ofgirder, 
By Table VII. 
S train on Ci, C4 

W ^ 3 X 20160 X8 
= -^cot. 6 = ^—Yx^ = 8o640lbs. 

Strain on C2, C^ 

^S^ /, 15 X 20160X8 
=-^ cot.^= 8"X~i = 100800 lbs.=i7. 

Strain on -Bi, B^ 

3 W^-« 3 X 20160 
= ^ ^ = 30240 Ibs. 

Strain on B^ 

_ 7^-_ 7 X 20160 



4 4 = 35280 Ibs. 



Strain on 7\, 7^4 



— 3 ^ ^ 3 X 20160 

^ cosec. ^ = - — X 2-848 = 86123-52 Ibs. 

Strain on /;, 7^ 

-iW ^ 3 X 20160 ^^ « ^ 
= ^ cosec. <^ = •" g X 8-o6 = 60933-6 Ibs. 

Strain on Z?i, D^ 

W ^ 20160 ^, ^ « ^« „ 

= - cosec. 3= -— — X 2-236 = 22538-88 Ibs. 

Strain on D^^ A 

= ^cosec. ^ = 32i|5l^ X 2848 = 21530-88 Ibs. 

Bending-moment on beam by Eq. (14) 

Wl 10080 X 144 ^ co . ^ ,^ 
= — = — = 362880 inch Ibs. = M, 

Dimensions of beam. 

By Eq. (25) 

_ ^i^ , 6MF_ 100800 X S , 6 X 362880 X 5 _ 42 w 907^2 
^ — // "^ //* "Tiooo/^^ + 12000/* d ^ d^ 

Assuming ^Z = 1 2^ inches 

é = 3326 + 5*691 = 9*017 or 9|- inches. 

The dimensions of the beam will therefore be 9^ by 12J 
inches. 
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Dimensions of wrought iron lies. 

The strain on each of the înclined ties 7i, 7^4 

= 86123-52 Ibs. 

Their sectional area should therefore be, by Eq. (32) 
WF 86123-52 X 3 ^ 

A = -y = 65555 = 4*300 square mches. 

The strain on each of the înclined ties 7i, T^ 

= 60933 -6 Ibs. 
Their sectional area should therefore be 
. WF 609336 X 3 . , 

A = -y- = 5qqqq — = 304 square mches. 

Dimensions of braces. 

The strain on each of the braces Z?i, D^ 

= 2253888 Ibs. 

Their sectional area should therefore be, by Eq. (32) 

W7^ _ 22538-88_>^ _ . 

A = ~y = 6o5ôô square menés. 

The strain on each of the braces Z?a, Z?4 

= 21530-88 Ibs. 

WF 21530-88X3 ^ . ^ 

A = -j- = — 6ÔÔÔÔ ^ ' '^70 square mches. 

Dimensions of struts. 

The compressive strain on centre strut B^ =35280 Ibs. 
By Eq. (31), 

_ 3 5280 X 5 /3S2^x S / 5'84 , 3S28ô^X 5 \ 

2 X 12060 ""Ny 12000 \250 •" 4 X 12660/ 

= 7*35 + 18-94 = 26-29 square inches 

/. Area of section = 5j inches square. 

Compressive strain on each side strut B^, B^ 

= 30240 Ibs. 

^ = -^ = 1+^7 (^^+^) 

= 302 40 X 5 / 30240 X 5 /2916 30240 X 5 y 

2 X 12000 ""N/ 12006 V 250 4 X 12000/ 

= 6*3 + 13-66 = 19-96 or 20 square inches. 

A Area of section = \\ inches square. 
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Case 3. — Live-load^ a 4 ton road-roller, 

Weight of roller, one ton per foot-run = 4 tons. 
The dead-load at the centre of each bay = 4320 Ibs. 
The dead-load at each intermediate point of support 

= 8640 Ibs. = W. 
The live-load of a 4 ton roller on a girderis, by Ex. I., 

case 3 = 3 tons = 6720 Ibs. 

By Table I. 

The live-load at the centre of each bay = 6720 Ibs. 

The live-load at intermediate support No. i =6720 Ibs. 

The live-load at intermediate supports Nos. 2, 3 = 0. 

The live-load reduced to dead-load at the centre of a bay 
= 6720 X 2 = 13440 Ibs. 

The live-load reduced to dead-load at intermediate 

support No. I = 6720 X 2 == 13440 Ibs. = \V* 

Total dead-load at centre of each bay 
= 4320 + 13440 = 17760 Ibs. 

Total dead-load at intermediate support No. i 
= 8640 + 13440 = 22080 Ibs. = ?r + [F 

Total dead-load at intermediate point No. 2 
= 8640 Ibs. = W 

Total dead-load at intermediate point No. 3 
= 8640 Ibs. = W 

Also from case i 

Length of centre strut = 6 feet. Length of side 
strut = 4^ feet. 
Cot. ^ = f , cosec. B = 2-848, coscc. (/> = 8*o6, cosec. /3 = 2-236 

S trams on parts of girdcr. 
By Table VIII. 
Strain on Ci, C^ 
=(3 J+3_^) ,0t. , = \ (3_2i^+32iJ3440j = 6,440 Ibs. 

Strain on C,, C^ 
= (^^1^+ lE^ cot. fc ? (il>l/^ + i2LL3440j= 70o8olbs.=^ 

33 R 
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Strain on Bi^ B^ 

= V "^ ^r = - — ~- + 13440 = 26500 Ibs. 
Strain on B^ 

7^ I rrv 7 X 8640 , o .: lu • 

-- Z 1_ w' •=. + 1 3440 = 28560 Ibs. 

4 4 

Strain on 7\, T^ 
=(3^+3_f:^,^3ec. 5==2-848(3^|^lV32<ililOj=656i7-9^ Ibs. 

Strain on 7^2, 7^ 
Strain on Z>i, D^ 

= (1^+ Z\ cosec. /3 = 2236 (^-^i*^' + 13449) = ,9676.8 Ibs. 
Strain on ZJj, A 

Greatest bending-moment on beam by Eq. (14) 

^m^ 17760 X 144 ^ 56^ inch-lbs.=.7/ 
4 4 

Dimensions of beam. 

By Eq. (25), 

_ HF 6MF __ 70080 X 5 6 X 6 39360 X 5 _ 29;2 IS98 4 
^""/</ "^ //* ■" 12000/ "*" . 12000/* ■" ^ "^ W* 

Assuming </ = 14^ inches. 

3 = 2*o6 + 801 = 1007, or io| inches. 

& = ^5 J-4 } (>'' ^^^^ ^^^^^^)- 
The dimensions of the beam will therefore be io| by 
14I inches. 

Dimensions of wrought iron lies, 

The tensile strain on each tie 7i, T4 = 65617*92 Ibs. 

Their sectional area should therefore be by Eq. (32), 

WF 65618 X 3 o 

^ = y = 60000 = 3'^^ '^^^'^ ^"^^^^• 

The tensile strain on each tie T'a, T^ = 44168*8 Ibs. 

FFF 44169 X 3 . u 

-ri = ~F- = ^QQQQ — = 2-2 square inches. ^ 
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Dimensions of b races, 

The tensile straln on each brace Z)i, Z?3= 19676*8 Ibs. 
Their sectional area should therefore be, Eq. (32) 
WF_ 1967 7 X 3 

A = -F d oooo ^ '^' °^ ' square inch. 

The tensile strain on each brace Z?2, Z?4 = 23581*44 Ibs. 
Their sectional area should therefore be, Eq. (32) 
. WF_ 23582 X 3 . , 

^ = y- 5QQQQ = 1*179 square inches. 

Dimensions of struts. 
The compressive strain on the centre strut B^ = 28560 Ibs. 
By Eq. (31) 

^ = ^ = 37 + n/7(^/- + 47) 

_2_8s6oXs , / 28560 X 5 /5184 285 60 X 5 \ 

2X 12660'^ 12000 V25O •" 4 X I20(XX 

= 5*95 + V282^Y669 =5*95 + 1679 = 2274 
/. Area of section = 22*74 or 22I sq. inches = 4^ in. sq. 
The compressive strain on each strut Bi, B^= 26500 Ibs. 



__ 26500_X_5 / 26500 X 5 / 2916 , 26500 X~5\ 

"■ 2 X 12000 ■" ^ 12000 \ 250 4~X'i2Ôb6/ 

= 552 X V 159-24096 = 5-52 + i2-6i = 18-13 

/. Area of section = 1 8* 1 3 sq: inches = 4I inches square. 

Case 4. — Live-load^ an 8 ton steam-roller, 

The dimensions and weight of the 8 ton-roller are as 
given in Ex. I., case 4. 

The dead-load at the centre of each bay of girder 
= 4320 Ibs. 

The dead-load at each intcrmediatc point of support 
= 8640 Ibs. = W 
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The live-load consists of twp weights, 

Wy^ = 3*5 tons = 7840 Ibs. 

W^ = 1-31 or ij ton = 2987 Ibs. 

Moving at a distance c = y feet 10 inches = 94 inches 

apart. 
In this case c is less than / but greater than -. 

Therefore by Table I., 

The live-load at the centre of each bay 
= ^j = 7840 Ibs. 

The live-load at intermediate support No. i 

^w, + -5^=^ = 7840 + ?§?2_(ig=:94). ^ g3^^,5 ,,,. 

The live-load at intermediate support No. 2 

W^c 2987 X 94 
= "T = 144 = '949-85 Ibs. 

The live-load at intermediate support No. 3 = 
The live-load reduced to dead-load at centre of each bay 

= 7840 X 2 = 15680 Ibs. 

The live-load reduced to dead-load at intermediate 
support No. I = 8877 X 2 = 17754 Ibs. = W 

The live-load reduced to dead-load at intermediate 
support No. 2 = 1950 X 2 = 3900 Ibs. = JF" 

The live-load reduced to dead-load at support No. 3 = 

The dead-load at centre of each bay 
= 4320 + 15680 = 20000 Ibs. 

The dead-load at support No. i 

= 8640 + 17754 = 26394 Ibs. zz JV+ W 

The dead-load at support No. 2 

= 8640 + 3900 = 12540 Ibs. = W^+ W 

The dead-load at support No. 3 
= 8640 Ibs. = W 

From case i 

Length of centre strut = 6 feet ; length of side strut 

= 4^ feet. 
cot ô = f , cosec 6 = 2 '848, cosec (^ = 8*06, cosec p = 2*236. 
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Strains on parts of girder, 
By Table X., 

Strain on Ci, C^ 

= (3«' + 3^ ^ ir^ ,„, , „ I (3^40 ^ 32127154 ^ 3^ ^ ^^.^ ..^ 

Strain on C2, G 
Strain on ^1, B^ 

3^^ . ,,« . W^' 3 X 8640 , , 3900 

= V ■*" ^ "^ "3" == 2 ^ '7754 + 3 = 32014 Ibs. 

Strain on B^ 

7^ . - . 3^^ 7 X 8640 ^ . 3 X 3900 ^ „ 

= 4 ■*" ^ "^ 8 = ^ r^ '^^^* "^ 8 ° ^^^^'^ 

Strain on 7\, T^ 

= (3jf + 3ir + rVosec. e o 2-848(3ii?^+ 3^17754 ^390ov ^ ^^^^.^^^ ^^^ 

\24^X \2 4 '^ r 

Strain on T'a, 7^ 

„ (3j^+»:+^)cosec.,^ = 8-o6 (3Jl|40^.i.7S4^3^^„ S3893.9 Ibs. 

Strain on Z>i, Z>3 

^ (E + .^ + IJ') cosec. ^ = 2-236 (?^° + 12254^3^^ ^ ,43^5.55 ,^3. 

Strain on Z?2, /?4 
= 5 ( ^^+ ^r^) cosec. ^ = -I X 2-848 (S640 + I77S4)=28 188792 Ibs. 

Greatest bending-moment on beam 

Wl 20000 X 144 _ . 1 lu Tijr 

= — = ^^ = 720000 inch-lbs. = M 

Dijnensions of beafu, 
By Eq. (25) 
_ ^^ , M^^_ 86508 X 5 6 X 7 20000 X 5 _ 36045 ^ 1800 

"~ /^ "^ /«/* "" 12000^' • 12000/* (/ </* 

Assuming d= 14J inches. 

3 = 2-423 + 8-135 = 10*558 or 10 J inches. 

Ji Z 18c» } <>'' ^'^'^ ^^^^^^)- 

The dimensions of the beam will therefore be lof by 
14I inches. 
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Dimensions ofwrought tron ties, 

The tensile strain on each tie 7i, T^ = 80386 Ibs. 

Their sectional area should therefore be, by Eq. (39) 
, WF 80386 X 3 

^ = y- = 55555- = 4*0 1 square mches. 

The tensile strain on each tie 7i, T^ = 53893 Ibs. 

Their sectional area should therefore be 
^ WF 53893 X 3 . 

A =— F- = — ^^^ — = 2 69 square mches. 

Di^nensions of braces, 

The tensile strain on each brace D^^D^^ 24345 Ibs. 

Their sectional area should therefore be, by Eq. (32) 

WF 24345 X 3 
A = -j- = —55555- = 1*21 square mches. 

The tensile strain on each brace Z?2, /?4= 28188 Ibs. 

Their sectional area should therefore be, by Eq. (32) 

WF 28188 X 3 
A = -y = ^Q^^QQ — = I -4 square mches. 

Dime^isions of struts, 

The compressive strain on the centre strut B^ 
= 34336-5 Ibs. 

By Eq. (31) 



_ 3433 6-5 X 5 , / 34336-5 X 5 /5 184^ 3433 6*5 X 5 \ 
"" 2 X 12000 ' N/ 12000 \250 ' 4 X 12000 / 

= 7-15 + ^347*6473 = 7*15 + 18-64 = 2579 square inches 
/, Area of section = 2579 square inches = 5i inches square. 

The compressive strain on each side strut B^^ B^ 
= 32014 Ibs. 

^=^=27+Ny7(^^'+5') 



__ 32014 X 5 / 32014 X 5 / 2916 32014 X 5 \ 

2 X 12000 ""N/ 12000 \ 250 "^ 4 X 12000/ 

= 6*67 + ^200*1 = 6-67 + 14* 14 = 20*8 1 square inches 
/, Area of section = 2081 square inches = 4»- inches square. 
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Case 5. — Live-load^ a 10 ton stea^n-roller, 

The dimensions and weight of a 10 ton steam-roUer 
are as given in Ex. I., case 5. 

The dead-load at the centre of each bay of girder 

12 X 4 X 180 
= —^ = 4320 Ibs. 

The dead-load at each intermediate support 
= 12 X 4 X 180 = 8640 Ibs. = W 

The live-load, the steam-roller, consists of two weights, 
PFi = 4*437 tons =* 9940 Ibs. 
^ W^ = 1-568 tons =3512 Ibs. 

Moving at a distance apart ^ = 9 feet 7 inches =115 
inches. 

In this case c is less than / but greater than ~ 

Therefore by Table I., 

The live-load at the centre of each bay 
= W^ = 9940 Ibs. 

The live-load at intermediate support No. i 

rrr i ^^\ {^ - ^) . 35 1 2 ( I44 - I 1 5) ^ 

= "'i + - 7 — - = 9940 + ~ — -^^ ^^ = 10647-27 Ibs. 

The live-load at intermediate support No. 2 

IV^c 3512 X 115 _ ^^ 

The live-load at intermediate support No. 3 = 

The live-load reduced to dead-load at centre of each bay 

= 9940 X 2 = 19880 Ibs. 
The live-load reduced to dead-load at support No. i 

= 10647 X 2 = 21294 Ibs. = JF 

The live-load reduced to dead-load at support No. 2 

= 2805 X 2 = 5610 Ibs. = W 
The live-load reduced to dead-load at support No. 3 = 

Total dead-load at centre of each bay 
= 4320 + 19980 = 24200 Ibs. 

Total dead-load at support No. i 

= 8640 + 21294 = 29934 Ibs. =z w+ W 

Total dead-load at support No. 2 

= 8640 + 5610 = 14250 Ibs. = fF+ \V 
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Total dead-load at support No. 3 = 8640 Ibs. 

By case i 

Length of centre strut = 6 feet. Length of si de 

struts = 4^ feet. 
Cot. ^ = |, cosec. B = 2-848, cosec. 4> = 8-06, cosec. /3 = 2-236. 

S trains on parts of girder, 
By Table X. 
S train on Ci, C^ 

^ (?^^+3^' + Ç)cot.ô J_{VL^^ + 3 X 21294 + 5^ = 84628 Ibs. 

Strain on C2, G 

V84 4/ 3^3 4 4/ 

Strain on B^^ B^ 

3M^ . u/» 4. ^' 3 X 8640 ^ _L 5610 

= 3- + ^ + y = ^—2 ^ ^"94 "^ 3 = 36124 Ibs. 

Strain on B^ 

1^ A. T,n .L 3H^' 7 X « 640 . . 3 X 5610 

«= Y + H^ + g- = ^ ^ — + 21294 + "^ — g''— = 3851775 îbs. 

Strain on 7i, T^ 

{\W .iW ,W\ a « Q 0/3x8640 , 3x21294 . 56iO\ 

= (Y"^ T "^Z V 2 ■*" 4 "^ 2 ) ^ 983827 Ibs. 

Strain on Tg, T3 

= (3»:+^ +f:) cosec. 4, = 806 (3_^640^2,294^SÇo^ = 6o37r4. Ibs. 

Strain on Z?i, Z?3 

/W^ . ir . W^\ ^^^^^ p _ ^.^^, /8640 . 21294 , 56io\ , 
= (^y + ^ + —^ cosec. ^ = 2 236 (^-^ + — ^-*^ + ^-jg J = 2762 13 Ibs. 

Strain on Z>2, D4 

= ; (W^ + W) cosec. ^ = 5 X 2848 (8640 + 21294) = 31969*51 Ibs. 

Bending-moment on beam 

Wl 24200 X 144 . 1. ,. .^ 

= -— = — ^^ -^ = 871200 inch-lbs.» A/ 

4 4 

Dimensions 0/ beam, 
By Eq. (25) 
_ //^ , 6M_F __ 970 08 X 5 6 X 871200 X 5 _. 4042 , 21^78 

^ "" /j"+ "//" "■ ~r26ôâr~ + 1200a/* rf' "^ "?•" 

Assuming ^ = 15J inches 

^ = 2-5 + 8*7 = 1 1-2, or 1 1 J inches. 

^^ Z ^^^^^ } (Ar ^eam Tables). 

The beam dimensions are therefore i \\- by 15I inches. 
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Dimensions of wrqught iron lies, 

The tensile strain on each tie Ti, T^ = 90382 Ibs. 

The sectional area should therefore be, by Eq. (32), 

. WF 903 82 X 3 ^ . ^ 

A = -y = ~65ôôô — = 4*Sï> or 4| square mches. 

The tensile strain on each tie Tg» ^s = 60371 Ibs. 
The sectional area should therefore be 

. WF 603 71 X 3 . ^ 

A = -y = — 65005 — ^ 301, or 3 square mches. 

Dimensions of braces, 
The tensile strain on each brace /?i, Z?s= 27621 Ibs. 

o . , , WF 27621 X 3 

Sectional area = -4 = — j = 5^555 — = r 38 square inches. 

The tensile strain on each brace /?2, D^ = 31969 Ibs. 
Sectional area 

WF 319 69 X 3 , . , 

= i4 = -y- = — 65555 — = 1*59 square mches. 

Dimensions of sir ut s, 
The compressive strain on centre strut^^ = 385 18 Ibs. 
By Eq. (31) 

- 38518 X 5 / 38518 X 5 /5184 . 38 518 X 5 v 

2 X 12000 "' ^ 12000 V25O ' 4 X 12000/ 

= 8'025-|- \/397'2054 = 8025 + 19*930 = 27*995 square inches. 
/, Area of section = 28 square inches = 5f inches square. 

The compressive strain on side struts B^^ -^3 = 361 24 Ibs. 



^ = '^ = ^+J^(w'+|.) 



_ 36124 X 5 / 36124 X 5 /2916 36124 X 5 y 

2 X 12000 "• n/ 12000 V25O "^ 4 X 12000/ 

= 7-526 + V 232-17635 

= 7526 + 15*237 = 22-763 square inches. 

.*. Area of section = 22f square inches = 4î inches square. 
34 R 
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TABLE OF NUMBERED FORMUL^ï:— TABT.K OF DIMENSIONS OF PARTS 
OF GIRDERS REQUIRED TO SUPPORT DIFFERENT LIVE-LOADS- 
TABLE OF WEIGHTS AND STRENGTHS OF MATERIALS. 
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TABLE OF DIMENSIONS OF PARTS OF GIRDERS REQUIRED 
TO SUPPORT DIFFERENT LIVE-LOADS. 



Cases. 
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Cnishing. Croïs-breiking. 



Modulua d 
elAsticitjr. 
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VIII. 

AFFLUX CAUSED BY BRIDGES, WITH TABLES 

AND FORMULEE. * 

The érection of a bridge across a river contracts the 
waterway of the stream in a greater, or less, degree, ac- 
cording to the size, and number, of the bridge piers. 
The resuit of such contraction is the raising of the level 
of the river floods. It is necessary when designing a 
bridge, to ^scertain the increased velocity, and height to 
which the flood waters will be raised by the structure, 
which by the interposition of its abutments, wing-walls, 
and piers, will obstruct the free passage of the stream 
under its arches or girders. Flowing water scours and 
erodes the beds, and banks, of rivers. At a low velocity 
river mud, and silt, is unaffected ; at a high velocity roclc 
is abraded, and worn. It is évident, therefore, that the 
nature of the bed, and banks, of a river has an important 
bearing on the amount of waterway to be allowed in a 
bridge design. If the bed of a river be hard, or of rock, 
it is not of much conséquence that a river be somewhat 
contracted in its passage through a bridge, but if the 
river bed be soft, a very small afflux, causing increased 
velocity, is only permissible. A high afflux at a bridge 
crossing a river with a soft bed would, by the increased 
velocity of the stream, cause the destruction of the river 
banks, and in time would alter the course of the river. 
The increased velocity of the stream would also scour 
out the river bed, and endanger the safety pf the bridge 
foundations. 

When the site for a bridge has been fixed, it is necessary 
to détermine the amount of waterway which should be 
provided through the bridge. The following data should 
be ascertained : — 

isl. — The cross section of the river at the bridge site. 

2nd. — The highest flood level. 
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2^ci, — The nature of the river bed. 

4/A. — The mean velocity of the river at high flood level. 

The ist, 2nd, and 3rd are ascertained by a simple 
opération, and by observation. The high flood levels 
ascertained on each bank should be tested with each 
other. 

The 4th, the mean velocity of the river when in high 
flood, can be ascertained by two methods. 

ist Method, 

Détermine the surface velocity when the river is in 
flood, and deduce the mean velocity from the observed 
surface velocity. 

2nd Method, 

Take cross sections of the river to flood level at the 
bridge site, at half a mile above the site, and at half a 
mile below it. 

Calculate the areas of the three cross sections. 

Measure the length of the undulating Une of the river 
bed at each cross section. This line is called the wetted- 
périme ter. 

Divide each area by its wetted-perimeter, the quotient 
is the hydraulic'mean-depth. 

Add together the three hydraulic-mean-depths, and 
divide by three, the quotient in feet will be the mean- 
hydraulic-mean-deptli, 

Find the différence of level of the river flood waters at 
the three cross sections. 

Then the mean surface velocity of the river will be 
expressed hy ,j2rs 
where r = mean-hydraulic-mean-depth in feet. 

s = the fallin feet per mile between the upperand 
lower sections. 
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From the expression above, the following formulai 
hâve been derived : — 
Mean velocity = 'g2 fj2rs (i) 

where the surface velocity is greater than 3 feet per 
second, and = '8 /ij2rs when the surface velocity is less 
than three feet per second, the^2rs being assumed as 
the surface velocity. 
Other formulas are in use, as — 

V =92-36 J^ (2) 

When V = mean-velocity in feet per second. 
/? = hydraulic-mean-depth. 
S = length of slope in feet to a fall of one foot. 



Also 



>'=^jj. 



(3) 



The following table gives approximately the relation 
between surface, mean, and bottom velocities : — 



Surface 
vel. 
ft. per sec. 

• 


Mean 
vel. 
ft. per sec. 
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vel. 
ft. per sec. 
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large as an cgg. 
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stratified rock. 
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io| 
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hard rock. 
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Having obtained the mean-velocity of the natural river 
stream, and having determined upon the velocity which 
may be allowed to the stream passing through the con- 
tracted waterway, which is dépendent upon the nature 
of the river bed, the approximate area of the opening 
through the bridge may be found from the following 
formula : — 

a = — , orz; = — y, 
V a 

Where a = area of contractée! waterway including incrément due to 
afflux. 

A = area of natural waterway. 

V = mean-velocity of natural stream. 

V = mean-velocity of contracted stream. 

To find the afflux, which is the increased height of a 
river, due to the obstruction of a bridge 

^ = (58-6 + °°s) X € - 

Where V = mean-velocity of natural river in feet per second. 

A = sectional area of natural river in square feet. 

a = sectional area of obstructed river in square feet.. 

R = afflux or rise of river caused by the obstruction of a 
bridge. 

If it is intended that the river rise, or afflux, should 
not exceed a given quantity, R is known, and it is 
required to find ^, 

A 



a = 
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The following table gives the amount of afflux caused 
by the obstruction of bridges in rivers: — 
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The first method of finding the mean vèlocity is the 
niost trustworthy, but can only be adopted when a river 
is in flood, 

The second method requîtes great care and judgmenl, 
and is not always to be depended upon. It is fairly 
accurate with rivers flowing in plains wîth well defined 
banks, but with hill streams, and rivers with rocky beds 
and varying slopes, it gives uncertain results. 

A river should be carefully examined in order to avoid 
taking cross sections where there are pools in its bed. 
It is better to take sections at several places, and to 
eliminate those sections, which, by comparison, show that 
abnormal pools of nearly slack water hâve been included 
in their sectional areas. 

Many rivers hâve beds which are a séries ol rapids and 
3S B 
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pools, and include falls. With thèse characteristîcs, 
mean-velocities, calculated from cross and longitudinal 
sections, are likely to be erroneous. In such cases a 
comparison between the sectional area of the natural 
waterway, and the contracted waterway of a bridge design, 
affords the best guide to a décision. 

Bridges over streams with soft beds should not cause 
an afflux greater than 3 or 4 inches. 

It is not advisable that masonry bridges over streams 
with rocky beds should cause an afflux greater than 3, or 
4 feet ; and so great an afflux should not be permîtted 
if it can reasonably be reduced. 
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CHAPTER X. 



IRON BRIDGES. 

I. — RULES TO GUIDE THE ADOPTION OF IrON BrIDGES. 
IL — MeTHODS OF ERECTING IrON GiRDERS. 

I— RULES TO GUIDE THE ADOPTION OF IRON BRIDGES. 

Iron bridges are in fashion with the engineers 
of the présent day. This is particularly the case with 
railway engineers who hâve to deal with wide spans, and 
who, in the endeavour to complète their works with the 
utmost expédition, do not care to be troubled with the 
supervising labour attendant on the construction of large 
arches of masonry. Engineers having a multitude of 
drainage-works to superintend, find that iron-girder 
bridges are more easily and safely constructed than are 
masonry-arched bridges ; and, moreover, as " an arch 
never sleeps,'' any scamping or bad work which may escape 
notice is sure to show itself eventually in abutments, 
and arch-rings. Where iron-girders are supported on 
masonry piers, the masonry-work is only subjected to ver- 
tical compression, which is a strain very easily withstood 
by tolerably built masonry-work. The thrust of an arch 
brings other strains into play, and requires a nicety of 
adjustment in the masonry masses, and strong work. 

For thèse, and other reasons unnecessary to détail, it 
is not at ail surprising that girder-bridges should be in 
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fashion, and favour. If, however, a perfectiy impartial 
view be taken of the subject, some rules, such as the 
following, would seem to afford a guide to the engineer 
who may hâve to décide on the nature of the bridges to 
be adopted on a line of road. 

/. — Rules which should guide the sélection of iron-hridge 
designs in préférence to the adoption of masonry- 
arched structures, 
\st, — If a river is of great width with a rapid stream 

and soft bed, and subsoil. 
2nd. — If it is désirable that the spans between piers 

should be of great width. 
^rd. — If it is désirable the afflux should be a minimum. 

In this case the substructure will be of iron. 
4///. — If suitable foundations for a masonry bridge are 

unattainable, or costly, 
5//r. — If an iron-girder bridge would be cheaper than a 

masonry-arched bridge. 
6th. — If no suitable stone, or clay for bricks, is to be 
obtained within a reasonable and economical 
distance of the river to be bridged. 

']th, — If no suitable hydraulic mortar is to be obtained. 

8///. — If masons are not to be obtained. 

g/A. — If sufficient superintendence to ensure good 
masonry-work is not available. 

Iron-girder bridges consist of iron-girder superstruc- 
tures supported on either iron, or masonry, substructures. 
As has been said, more care is needed in both the design, 
and construction, of piers and abutments to carry arches 
of masonry, than is necessary with those required for 
iron-girders. In applying the rules given above, due 
considération will of course be giveri to the question as 
affected by the construction of the substructures of iron 
and masonry bridges. 
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There are good reasons why iron bridges should be 
preferred for large rivers requîring wide spans of waterway 
between the piers, and where firm substrata for solid 
foundations do not exist ; but such reasons do not apply 
to the cases of very many iron bridges which hâve been 
erected of late years over small rivers. There are numerous 
examples of road-ways carried across rivers, and minor 
streams, on iron-girder superstructures, which could 
very well hâve been supported on bridges of masonry 
at less cost, and with more lasting results. Not only 
hâve there been insufficient reasons why iron structures 
should hâve been preferred to masonry bridges, but, in a 
great many instances, the iron bridges hâve actually cost 
far more than the more permanent masonry bridges 
would hâve done. In India and the Colonies, where 
stone of a suitable character is at hand ; where solid rock, 
or a sufficiently firm substratum, exists in a river bed on 
which to found solid masonry piers, and abutments, it is 
manifestly a wrong course to design an iron bridge, or a 
bridge with an iron superstructure on masonry supports. 
The iron-work for spans of any considérable width, say 
50 or 60 feet and upwards, has to be procured from 
England, at an approximate cost owing to the fluctuations 
in the market value of iron : heavy sea freights and in- 
land carriage, with shipping and landing charges, and 
percentages to agents, hâve to be borne. Under such 
circumstances engineers cannot estimate the cost of their 
Works very closely, and great delay is sure to occur 
before their bridges can be opened to traffic. 

To enter Into détails as respects tbe designs, and 
dimensions, of iron bridges does not fall within the scope 
of this treatise. Full information on this subject is to be 
found in the valuable works of Humber, Unwin, Campin, 
Rankine, Wray, Cunningham, the Roorkee Treatise, and 
other Works. 
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II.— METHODS OF ERECTING HEAVY IRON-GIRDERS. 

Framed iron-girders, which are of great weight, can be 
placed in position on the piers and abutments of bridges, 
as follows : — 

isi, — The girders are put together on a temporary 
wooden staging placed in position between piers, 
like the centre for a masonry arched bridge. The 
girders are thus built up in their final position. 

2nd. — The girders are put together on a flat temporary 
platform of earth or timber between piers in the 
bed of a river when the latter runs very low in the 
dry season. The girders are then raised vertically 
into position, or, if there is much water the girders 
are put together on the river bank, are floated out 
to position, and are then raised. 

S^d. — ^The girders built upon the bank in line with the 
roadway are run out longitudinally into position. 

The second method is the best, being the easiest, and 
the most economical. 

The first method is the next best. The parts of the 
girders are not so readily set together as in the first 
method, and the staging is an extra item of cost. 

The third method is the most difficult, the most hazard- 
ous, and occupies the most time. It is probable, there- 
fore, that it is far from being the cheapest method of the 
three named. 
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CHAPTER XI. 



MASONRY BRIDGES. 

I. — General Remarks. 

IL — Définitions, and Parts, of a Bridge — Description of each 
Part, with Practical Recommendations and Remarks. 

III. — ^Table of Proportions of Parts. 

I. 

GENERAL REMARKS. 

Masonry bridges properly designed and well built, are 
permanent structures of monumental character. If not 
purposely destroyed, and only fairly conserved, they 
should last for centuries. They must, however, be con- 
structed of good stone and cementing materials which are 
unaffected by the changes of cHmate in the country in 
which they are erected; and thèse material must be 
capable of withstanding the concussion and érosion of 
floating bodies and flowing water, and also bear uninjured 
the alternations of submersion, and desiccation, to which 
they are yearly subjected. 

Masonry bridges hâve been somewhat out of vogue 
with engineers the last twenty years, but this phase of 
fashion has now passed away in a great measure where 
masonry bridges are suitable. It is desired in this 
treatise to urge upon engineers the advisability, on the 
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score of cconomy, permanency, and expédition, of erecting 
masonry-arched bridges over rivers and streams where 
very large waterways are net a necessity, and where 
materials for such structures are available in the 
locality. 

There is a prospective advantage to be gained by the 
adoption of masonry bridges, which is, that thèse bridges 
hâve far greater strength than girder bridges to resist the 
concussion, and weight, of travelling loads. There can 
be no doubt that for metalled roads thé steam-roller is 
the roller of the future. But steam-rollers weigh 8, lo, 
15, 20, and 30 tons, consequently ordinary road girder 
bridges, particularly when of small span, will be unable to 
carry such live-loads. Now masonry arches possess an 
excess of strength to bear Hve-loads in comparison to 
girder superstructures. The frames of girders are calcu- 
lated to bear the strains caused by certain travelling-loads, 
not unusually a ton a foot-run on wheeled-carriage 
roads ; but masonry arches are not calculated on such 
data- A certain depth of arch-ring is given in order that 
the direction of pressure on an arch when loaded may fall 
within certain Hmits, so that the voussoirs may not tum 
on their edges ; but when this point is secured, and the 
parts of a bridge are properly adjusted, in conséquence 
of the material of a masonry bridge being peculiarly 
adapted to withstand compression, which is the stress to 
which it is subjected in particular, such bridges are capable 
of carrying travelling-loads far in excess of those which 
regulate the dimensions of the détails of girder-bridges. 

Unless the advantages in favour of an iron bridge over 
a masonry-arched design are of a preponderating character, 
a masonry bridge should be preferred. The building of 
iron bridges is not building for a remote posterity. A 
solidly constructed masonry-arched bridge is a permanent 
and practical monument of the âge of its érection. 
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II. 

The définitions, and technical terms, descriptive of the 
several parts of masonry bridges, are as follow : — 

Définitions. 

1 . Bridge site — Position of a bridge» 

2. Axis — Central longitudinal line of a bridge. 

3. Square arches — Archways at right-angles to bridge 

axis. 

4. Oblique arches — Archways inclined at an acute 

angle to the axis. 

5. Waterway — Width of ail archways. 

6. Afflux — Increased height of river above a bridge 

caused by the bridge. 

7. Span — The longitudinal width of an arch. 

8. Springing'line — Level from which arches spring. 

9. Rise of arch, or ver sine — Height of crown of arch 

above springing. 

10. Haunches — Lower portions of an arch. 

1 1. Crown of arch — Uppcr portion of an arch. 

12. Intrados — Interior surface of arch. 

13. Extrados — Exterior surface of arch. 

Parts. 

14. Ahutinents — Extrême supports of a bridge. 

15. Piers — Intermediate supports of bridge arches. 

16. Abutment'piers — Piers of sufficient strength to 

act as abutments. 

17. Cutwaters — Projecting terminations of piers. 

18. Pier-caps — Pier top terminations. 

19. Arches — Curved masonry superstructures sup- 

porting a road-way over a river. 

20. Arches of equilibrium — Arches supported on piers 

which are not abutments. 

21. Arch-ring — The arch itself between intrados and 

extrados. 

36 R 
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22. Vonssoirs — Wedge-shaped arch stones. 

23. Ded-joints — Surfaces of voussoirs perpendicular 

to axis and intrados. 

24. SkeW'backs — Stones forming the course from 

which an arch springs. 

25. Key-stone — Centre transverse course of voussoirs 

at arch crown. 

26. Centres — Artificial supports of an arch during 

construction. 

27. Head-walls — Faces of a bridge above arches 

both sides. 

28. Spandrels — The spaces betvveen arches below the 

extrados of key-stone. 

29. Spandrel'Walls — The face walls standing on an 

arch. 

30. Backing — The solid masonry built on arch 

haunches between spandrels. 

31. Internal'Spandrel'Walls — Walls within face span- 

drels, and parallel to them. 

32. Tie-walls — Cross-walls in hollow spandrels. 

33. Blocking-course — The coursé of masonry between 

key-stone and cornice. 

34. Comice — Lower projecting member of parapet 

outside. 

35. Parapets — Walls of protection on each side of a 

roadway. 

36. Parapet-coping — Upper member of parapet. 

37. Wlteel-guard — Lower projecting member of a 

parapet inside to protect it from injury from 
wheels. Sometimes applied to guard-stones and 
guard-posts. 

38. Guard-stones — Single stones placed at angles, or 

inside curves of roadways, to guard foot-paths 
and parapets. 

39. Road'way — Road over a bridge. 
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40. Approaclies — Roads on cach side leading to a 

bridge. 

41. Wmg-walls — Retaining-walls of road approaches 

to a bridge. 

42. Retunied'7valls — Retaining-walls of road ap- 

proaches to a bridge. 

43. Flooring — River bed paving under arches. 

44. Apron — River bed paving between wing-walls. 

Définitions. 

I. Bridge site. — The selected position for a bridge. 
When the position of a bridge is determined by a line of 
road which cannot be altered materially, or at ail, there is 
no sélection of a site, and the bridge must be designed to 
suit the river at the site which has been fixed, irrespective 
of considérations affecting the bridge itself. When 
sélection of a site is not restricted to a particular point, 
the site should be determined with a view to the design 
of the smallest bridge capable of passing the river below 
it, and at the lowest cost. Economy of cost, and 
security for the work, will dépend upon the foundations. 
If rock is présent near the surface of the river bed, the 
foundations will be easy of exécution, and stability with 
economy may be ensured. If no hard stratum lies near 
the surface of the river bed, the foundations will be 
difficult and costly, and the structure will be less stable 
than in the former case. When there is any latitude for 
sélection, very careful examination of a river bed for a 
considérable distance above and below what would be the 
most convenient position for crossing a river in other re- 
spects, should be made before fixing upon a bridge site. 
Curves in rivers should be avoided, and a straight reach 
above a bridge site should be secured, so that the river 
current should flow directly through the bridge arches, 
and not take the piers and abutments at an angle. 
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2. Axts. — The axis of a bridge is the central longi- 
tudinal line which dénotes the direction of the road-way 
across a bridge with référence to the course of a river. 
When the axis of a bridge is taken at right-angles to 
the course of a stream, the arches of such a bridge will 
be square-arches. When the axis of a bridge is taken 
at an angle to the course of a stream, the arches of such 
a bridge will be oblique, or skew-arches. 

3. Square-arches, — A bridge has square-arches when 
the abutments and piers are at right-angles to the axis 
of a bridge, or arch-way : that is, when the plan of an 
arch-way of a bridge is rectangular. 

Square-arched bridges should always be adopted if 
possible. Even if the axis of a bridge is obliged to be 
taken slightly ofï the perpendicular to the course of a 
stream, the arches should either be built square, or, if it 
is necessary, the piers and abutments should accurately 
follow the direction of the stream, thus throwing the 
arches slightly out of the square, the ordinary system of 
construction for square arches may be adopted. The 
obliquity should not exceed 10° when square arches are 
built to oblique-piers. 

Every endeavour, however, should be made to suit the 
approach roads to a square-arched bridge, and not to 
adapt the bridge axis to inclined approaches. 

4. Oblique-arches, — A bridge has oblique, or skew, 
arches when its abutments and piers are not placed at right- 
angles to the axis of the bridge or its arch-ways. When 
it is not possible, or convenient, as frequently happens 
in towns or in their vicinity, to bring up the approach roads 
to a bridge crossing a river, canal, or lower level road, 
at right-angles to the river or obstruction to be crossed, 
or in such a déviation from the right-angle as would permit 
of suitable curves, then a square-arched bridge cannot 
be adapted to the situation, and recourse must be had to 
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an oblique-arched bridge. The departure of the oblique 
axis from the perpendicular to the stream, that is, the 
inclination of the arches to the piers and abutments, 
should be made as small as possible. Skew-arches built 
on the principle of placing the transverse courses of 
arch-stones at right angles to the line of thrust as denoted 
by the axis of a bridge, and inclined to the direction of 
the piers and abutments, may be constructed with safety 
to any angle which is likely to be required. 

5. Waterway, — The site of a bridge having been 
determined, as also the direction of its axis, whether per- 
pendicular or oblique to a river, the waterwaytobeprovided 
has to be decided. The term ' waterway' is commonly 
applied to the united width of ail the archways of a bridge, 
but would be more properly applied to the aggregate area 
of passage through the arch, or arches, of a bridge provid- 
ed to permit of the waters of a river to flow by without 
submerging or endangering the structure. A bridge 
always encroaches on the free passage of a river 
between its banks by the amount of the submerged area 
of its abutments, and piers, taken at right-angles to 
the stream. To erect a bridge which should not en- 
croach upon the free flow of a river would entail the 
necessity of placing its abutments high on the banks 
clear of the flood level, so that the area of the cross 
section of the river, when contracted by the submerged 
area of the cross section of the piers of a bridge, should 
not, in high floods, submerge any portion of the abut- 
ments. To erect bridges on this principle would entail 
an enormously increased expenditure for extra arches, and 
bridge length, if not height. It is therefore generally 
accepted, within certain limits, that a bridge will contract 
the free flow of the waters of a river in one direction, and 
that this contraction, which is horizontal, must be com- 
pensated for in the contrary, or vertical, direction. The 
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piers and abutments of a bridge will contract the width 
of a stream which, in conséquence, will resuit in the 
ponding up of the waters above it. This ponding up of 
the waters of a river raises the level of the river stream, 
which is perceptible when the river is in flood, when the 
river banks are submerged above their former ordinary 
level to an extent proportionate to the contracted area of 
the stream as compared with its normal area. The 
height to which the river is ponded by a bridge is called 
the afflux, 

6. Afflux. — The extra height to which a river would 
be raised by the obstruction of a bridge is capable of 
approximate calculation, and should be determined with 
référence to any particular design for a bridge before 
the question ofwaterway canbefinally decided. Methods 
which may be usèd for calculations for afflux hâve been 
given in Chapter IX. 

The amount of afflux which may be permissibje in any 
particular case must be decided before the amount of 
waterway can be determined, and a bridge design finally 
adopted. The more contracted the waterway the more 
economical will be the bridge, and the greater the afflux. 
The more rapid the stream the greater the afflux caused 
by a bridge. The permissible amount of afflux turns 
upon three main points : — 

Firstly. — Upon the nature of the stratum of the river 
bed. If rock and the piers are of masonry, a high afflux 
may be allowed if necessary, and if not objectionable for 
extraneous reasons. Still for light modem masonry 
bridges, which are not designed with any view to acting as 
river dams, it is advisable an afflux of 3 feet should not 
be exceeded. A high afflux causes a perceptible vibration 
in the superstructure of a light masonry bridge. 

If a river bed is soft and yielding, an afflux of six inches 
should not be exceeded ; for very soft soil, four inches. 
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Secondly. — Whether, or not, the land above the bridge 
could bear a certain submergence. If high river floods 
submerge lower town or village dwellings, and threaten 
serious damage, a high afflux would be inadmissible. 

Thirdly, — Whether, or not, the river is used for navi- 
gation. In such case unless the river was a tidal stream, a 
high afflux would not be permissible, Even with a tidal 
stream a high afflux is objectionable to navigation as. 
closing a passage through the bridge for a certain period 
of each ebb tide. 

The amount of afflux which may be permissible being 
determined, the waterway of a bridge can readily be 
decided by calculation in a comparison between the 
contracted area caused by any design, and the normal 
area of the cross section of a river. (See Chapter IX.) 

7. Span, — The span to be adoptèd for the arch, or 
arches, of a bridge will dépend upon various considéra- 
tions. As a rule small streams are generally provided 
with bridges of small arches, and large rivers with arches 
of wide span. The span of an arch is measured hori- 
zontally from the point from which an arch springs, and 
is the chord of such arch. The span will also dépend 
upon the taste of the engineer, which will be regulated 
by his expérience of the difficulties to be met in con- 
struction. Large arches are more troublesome to build 
than small arches ; many engineers therefore prefer a 
number of small to a few large arches. The nature of 
the stone available will hâve an important bearing upon 
the span, as large arches require to be built of larger 
stones than are needed for arches of small span. The 
height of the road-way above the bed of a river has also 
to be considered owing to the height of a pier afîect- 
ing its base width. A high road-way, and small 
arches, would resuit in the pier bases approaching each 
other so closely as to contract the water-way too much. 
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A low road-way and large span arches would be încon- 
gruous ; a violation of proportion with great spandrel 
obstruction. If a river is navigable, that considération 
must be brought to bear upon the question of span. 

Excepting under very spécial circumstances, masonry 
bridges are seldom built with arch spans over 70 feet. 
Spans of 60 feet are commonly adopted for rivers. 
Narrower spans than 40 feet are not adapted for rivers. 
For small streams spans of 20, 30, and 40 feet, are 
employed. Single arches under 20 feet are generally 
called culverts and are suited for very minor streams. 
The term culvert is also commonly applied to ail arched 
drains. 

The following are some of the spécial cases where spans 
over 70 feet hâve been employed for masonry arches : — 



2 
3 



Cabin John Bridge, near Washington, 
America 

Chester Bridge 

London Bridge 

Glouccster Bridge 

Waterloo Bridge 



Spans. 


Feet. 


I 


220 


I 


200 


S 


152 


I 


150 


9 


120 



Curve. 



Segmentai 



>> 



Elliptical 



>> 



iy 



Suitable stone, and stable centres, are essential for the 

• 

successful construction of large arches. With a hard 
laminated stone, good mortar, and strong centres, available, 
the construction of arches of 100 to 200 feet span need 
not be regarded as a very wonderful engineering opération. 
Where stone is brittle or soft, or, if tough, has no 
natural cleavage, arches of the large size mentioned had 
better not be attempted. 

8. Springing'line. — The springing-line of a bridge 
is the level of the lower extremities of an arch or séries 
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of arches. As a nile the springing-line of the arches of 
a bridge is taken on one level ; but occasionally, when 
there are land arches smaller in span than the main 
arches, the springing-line of such small arches is taken 
at a différent level, which is above the principal spring- 
ing-level so much as is required to bring the crown of ail 
the arches to one level ; or to one curve if the arches 
are of unequal height, and the roadway is curved longitu- 
dinally. 

The springing-line of bridge arches is determined by 
the high flood level of the normal river, or by the calcu- 
lated afflux level to be caused by the contraction of the 
normal section of the river when the bridge is built. If a 
river is navigable, the springing-line will probably hâve to 
be raised higher than the level demanded for the free 
passage of the stream in flood time. Such a higher 
springing-line level will be fîxed by the height above 
flood-level required by the vessels navigating the river. 
When it is not necessary to consider any other point 
than that the flood waters shall pass freely through the 
arches without undue obstruction, the springing-line 
should be made to agrée with the afflux-level ofthe 
highest floods. 

Engineers sometimes make the springing-lines of their 

bridge arches considerably below high flood-level. This 

is only permissible when the high flood-level is. that of a 

backwater to a larger stream which flows the reverse way 

of the tributary when the main river is in high flood. As 

a rule the springing-line of ordinary bridges should never 

be taken below the highest flood-level, because the water- 

way required above that level and the waterway available 

are in an inverse ratio. A rising flood-level indicates 

that an increased waterway is demanded ; a low springing- 

level means that a reduced waterway is provided. 

In Europe the highest flood levels of rivers are accu- 
37 R 
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rately known ; but nevertheless extraordinary floods do 
occur from time to time when ail former calculations and 
knowledge on this point are upset, and set at nought. In 
tropical countries, where the rainfall is so varied ; where 
extraordinary falls in a brief time are constantly being 
recorded ; where it is a matter of fréquent occurrence that 
the floods of rivers in this district, and in that valley, hâve 
far exceeded those of any previous time within the know- 
ledge of the inhabitants, it is only a wise, and careful, 
proceeding, to set the springing-line of the arches of a 
bridge above, or upon, the highest flood afilux-level. 

The parts of a bridge hâve been designed from time 
immémorial to perform a certain static work with respect 
to the dynamic forces exerted by river waters. Once the 
flood-level rises above the springing of the arches, the 
waterway, in place of expanding, becomes contracted. 
The greater the demand for increased waterway the greater 
the contraction, until, if the crown of the arch be reached 
by the flood, the superstructure of the bridge is called to 
perform a static work for which it was never designed. 
The piers of a bridge are guarded by cutwaters, which, 
like the prows of a vessel, eut and turn aside the opposing 
waters. Thèse cutwaters usually terminate at or near 
the springing-line. If cutwaters are needed when a river 
flows between the piers of a bridge, how much more are 
they required when the river flow is materially increased 
in velocity and in volume. The surging waters impinge 
directiy upcn the flat wall surfaces of the bridge spandrels 
which are not often protected by cutwaters, and which 
are soon submerged. The proportionally diminished 
waterway causes an increased afllux, and, excepting with 
very large arches, the flood soon reaches the arch-crown 
level, which naturally results in the complète submergence 
of the superstructure, which at once, under such circum. 
stances, loses from one-half to one-third its weight, not 
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reckoning the dynamic force of the rushing water. As 
high floods always bring down trees, timber, and floating 
débris of ail kinds, the contracted waterway of a submerg- 
ed bridge becomes still more confined, the bridge is then 
a dam and the floating bodies act as battering-rams. 

Under the circumstances above described the following 
are the usual results : — If the bridge be an old one built 
of heavy stone, and with cernent or strong hydraulic 
mortar, the submerged structure will be simply stripped 
of its parapets, roadway, and perhaps portions of its face- 
walls. The upper banks of the stream, and levels dépend- 
ent thereon, will be flooded. If the bridge be a new 
one, the mortar not having had a sufficient time to set 
hard ; or, if built of a light stone with poor mortar, the 
whole superstructure is liable to be destroyed. It is better 
not to risk submergence, and to make the afflux fliood- 
level, or at least the flood-level, the springing-line of the 
arches of a bridge. 

9. Rise ofArch, — The rise of an arch is the height of its 
crown above springing-level. This rise is usually termed 
the versed'sine of an arch, as in mathematical language 
it represents the versed-sine of the arc. The versed-sine 
of an arch is expressed in terms of the diameterof asemi- 
circular arch, the chord of a segmentai arch, or the axis 
of an elliptical arch. The span of the arch or arches of 
a bridge is first determined, and the next point for settle- 
ment is the rise of such arch, or arches. The proportion 
between the versed-sine and span will be explained under 
the head Arches, 

10. Haunches. — The haunches of an arch are its lower 
portions between the springing-line and the crown. 
There is no exact limit assigned to the haunch of an 
arch, nor would any defined limit possess any practical 
value. When an arch fails, the voussoirs forming the 
crown of the arch open out in one direction, and those 
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forming the haunches in another. The cause of faîlure 
opens the arch-ring at the intrados of the arch at the 
crown, and at the extrados at the haunches, or vice versa. 
If it was désirable to define the haunch, its limit might 
be said to be placed at a normal joint between the two 
dislocations. 

1 1 . Crown of Arch, — The crown of an arch is the 
upper portion on each side of , and including, the key-stone. 
Like the arch haunch it bas no accurately defined limit, 
nor would any such limit hâve any practical value. If it was 
désirable to define a boundary between the crown and 
haunch, it might be assumed to be situated at a normal 
joint in the arch-ring between the points of dislocation 
of an arch caused by overweight, or a deficiency of 
weight, on such arch. The haunches fall inwards and 
the crown rises, or the haunches rise and the crown sinks. 
The arch-stones of the crown open upwards in the first 
case, and underneath the arch in the second. 

12. Intrados. — The under side of an arch, which in 
small arches is called the soffii. 

13. Extrados, — The outer surface of an arch, which is 
also called the back of an arch. 

Parts of a Bridge. 

14. Abutments. — The abutments of a bridge are the 
walls built on the banks of a river which together support 
the whole of the weight of a single arch, its superstructure 
and road-way, and also the inclined thrust which is pro- 
duced by the weight of the arch being situated between, and 
not over, the walls. The weight, and thrust, borne by abut- 
ments where a bridge consists of a séries of arches is the 
same as when there is only a single arch. It is évident, 
therefore, that the abutment walls of a bridge must possess 
very great strength, which is compact weight, in order 
to enable them to resist the pressure which the inclined 
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mass of half an arch exerts upon each. The thickness 
of abutments to resist the pressure exerted against them 
is dépendent upon the form of the arch, and the propor- 
tion between the span and rise of such arch. The 
nearer the rise approaches the span the smaller the 
thrust, which may be said to be at a minimum when the 
rise and span are equal as in the case of a semi-circular 
arch. The thrust is at a maximum when the versine is 
as low as it would be safe to construct an arch. 

The thickness of abutments is expressed in terms 
either of the span of an arch, or of the radius of curva- 
ture of an arch at its crown ; the former is most usual 
and convenient. The proportion of the width of abut- 
ments at the spriqging-line expressed in terms of the 
radius at the arch crown would be the best theoretically 
if bridge arches were designed with varied rises from the 
flattest possible curves to a semi-circle; but, as in 
modem practice the versine of bridge arches generally 
falls within the narrow limit of one-fourth to one-sixth 
the span, the variation in the thickness of abutments 
is small, and that thickness expressed in terms of the 
span is the most simple. It is true semi-circular arched 
bridges are sometimes designed to suit parti cular cases, 
but that form is exceptional for arches of any size, and 
variations of rise between one-fourth the span and the 
semi-circle are still more rare. 

The thickness of abutments in modem practice is one- 
fourth or one-fifth of the span, the former for small, the 
latter for larger arches. So much dépends upon the 
nature of the stone and mortar, the skill of masons, and 
the knowledge of those supervising their work, that it 
is recommended the thickness of abutments at springing 
line should be, for small arches one-fourth of the span, 
and for large arches a proportion between one-fourth and 
ône-fifth of the span. 
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As respects the base thickness of abutments, that 
thickness dépends upon their height. The face of an abut- 
ment may be perpendicular as far as the stability of the 
arch is concemed, and it is a common practice to make 
it vertical. Some engineers who give their piers a face 
batter give their abutments the same. If piers hâve 
ofFsets at intervais of height,*the abutments may hâve the 
same. Offsets of four inches in six feet, or of six inches 
in ten feet, are suitable for ordinary bridges, and of six 
inches to one foot for every ten, fifteen, or twenty feet 
below springing for large arches and high piers. 

The treatment of the backs of abutments is of more 
conséquence. As a man puts out a leg behind him to 
enable him to resist a push in front, so is it advisable to 
give the abutment of a bridge a spread of base to the 
rear to resist the thrust of an arch. A rear batter of i 
in 8, broken into steps, is a good form for the back of an 
abutment. 

When the road-way of a bridge is wide, itis a common, 
and good, practice, to give abutments buttresses, or 
counterforts, to the rear. Some portion of the mass of an 
abutment may well be distributed in this manner ; for two 
objects are thus attained : — the abutment gains strength 
by its base being extended in a direction opposite to the 
thrust upon it, and the mass of the bank of earth behind 
it is partitioned, and the ill effects produced by swélling 
soil are mitigated, or destroyed. 

It is not advisable, in designing bridges, to make any 
allowance for the support which may be afforded to the 
abutments of a bridge by the pressure of the earth 
behind them. That pressure of this nature may be 
afforded to the bridges of a country which has a continuons 
rainfall is perhaps true ; but in countries where there 
are great alternations of aridlty, and humidity, no sort 
of reliance can be placed upon such extraneous aid. In 
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dry wealher approach banks of earth draw away from the 
masonry of abutments. 

Abutments must of course be very solidly founded, and 
the greatest care is necessary in adjusting, both in design, 
and construction, the walls which are needed for the 
support of the road banks adjoining the bridge. This 
subject will be treated under the head of Wings. 

15. Piers. — Piers, which are the intermediate supports 
of the arches of a bridge, hâve each to carry the weight 
of a complète arch with its superstructure. The weight 
on a pier is that of the half-arches on each side, with 
the superstructure between and above them. This forms 
the dead weight to be borne by a pier, for the thrust of 
the two half-arches counteract each other. The pressure 
on a pier is therefore vertical, and the strength of rubble, 
block-in-course, ashlar, and brick, masonry being known, 
the horizontal area which a pier should offer to sustain 
the compressive weight bearing vertically upon it is of 
easy calculation. This is an ordinary view of the case, 
but it is incomplète, because the oblique pressure due to 
a live-load passing over an arch adjoining a pier is over- 
looked. With girder bridges the live-load is of greater 
importance than the dead-load ; and though this is not 
the case with masonry arched bridges, which, for other 
reasons, hâve the depth of arch-ring and width of piers 
greatly in excess of their theoretical dimensions, still, the 
live-load must not be neglected. Steam-rollers of great 
and varied weight are now coming into use for metalled 
roads. In designing the piers of a bridge, therefore, that 
fact should be borne in mind. Heavy live-loads cause 
a vibratory motion which in time would produce an efïect 
upon weak masonry. 

The thickness at springing-line recommended for piers 
is not that usually proposed, a proportion of the span, 
which is a rude method producing inconsistent results. 
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The dimensions of piers for différent spans will be found 
in the Table of proportions of parts ^ Secûon III. of this 
Chapter. 

The thickness to be given to piers at their base dépends 
upon their height. The extra thickness over that at 
springing-level is added either by a uniform batter, or by 
offsets. Each System has its advocates. Those engineers 
who prefer the batter do so on the grounds that the pres- 
sure is evenly distributed from the pier top to its base, 
and that piers so built hâve a better appearance. The 
advocates of offsets at intervais adopt that method for 
the reasons that it gives much trouble — which means 
expense — to the masons to give the facing stones a slop- 
ing face ; that this trouble is greatly increased at the cut- 
waters where the face stones are curved as well as 
battered ; that the beds of the face stones are thus not so 
accurately laid as with ordinary rectangular stones, and 
finally, that the pressure is distributed down a pier with 
offsets with suflîcient evenness for ail practical purposes. 
The above mentioned Systems are both good. If the 
batter System is accurately built it isprobably the strongest. 
But as the offset System secures a perfectly good trans- 
mission of the pressure, it has the advantage on its side of 
economy, accuracy, and expédition. 

A pier face batter may be inclined at i in 1 2 to i in 20, 
according to circumstances, or offsets may be given due 
to those slopes. When offsets exceed six inches, they 
should take the form of quadrants not slopes, otherwise the 
mason's maxim, that the angles of stones should never be 
less than right-angles, may be disregarded just in a 
situation where it is an object the angles should not be 
weak. 

16. Abutmenl'pters. — In old examples ail the piers 
of a bridge were abutment- piers ;.that is, every pier of the 
bridge was strong enough to resist the pressure of a 
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half-arch and its load. The piers were as thick as the 
abutments. It is now considered unnecessary that ail 
piers should hâve this strength, as they sustain no thrust 
due to the half-arches on each sîde. In the case of 
bridges with many arches, it is an act of précaution to 
întroduce abutment-piers ; and it is particularly advisable 
this course should be foUowed with bridges which cannot 
hâve their arches tumed in one season in countries 
subjected to floods at one period of the year. A bridge 
of six, to eight, arches would hâve one abutment-pier ; a 
bridge of nine, to fifteen, arches, two abutment-piers. 
Thèse abutment-piers should hâve a thickness at spring- 
ing-level of one-fourth the span of the adjoining arches. 
The adoption of abutment-piers is recommended in ail 
large bridges as above mentioned ; for the risk of an 
accident to such arches under construction is consi- 
dérable. Without abutment-piers the failure of a centring 
at the commencement of the wet season, owing to a 
delay in the work, would destroy the whole of a long 
bridge just at its point of completion. With abutment- 
piers the destruction would be arrested by the nearest 
abutment-pier. 

1 7. Cut'Waters. — Cut-watersaretheterminatîonsof the 
piers up, and down, stream. The object of the up-stream 
cut-waters is to provide the piers with a sharp prow to eut 
into, and tum aside, the stream-waters which otherwise 
would impinge directly on an opposed surface. If the 
pier-heads ended with flat faces, they would be subjected 
to the constant wearing action of flowing water, which, 
suddenly arrested, would not glide evenly through the 
arch-ways, but would rebound and turn ofï at right-angles 
to the stream, producîng eddies and broken water. 
Floating timber, and other heavy bodies, would strike 
flat-headed piers with the momentum due to their weight 

and the velocity of the stream, which, in course of time, 
38 R 
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would cause serions damage to the masonry. With 
pointed terminations, or cut-waters, floating bodies sel- 
dom damage piers, as their momentum is received 
obliquely by a smooth sloping surface which turns aside 
the blow undamaged. The eddies which would be 
caused by flat-headed piers would produce a damaging 
effect upon the soft beds of rivers, and tend to expose 
the foundations of the bridge. The navigation through 
arch-ways would also be impeded. 

The cut-waters down-stream hâve not the same import- 
ance. They sufïer the contracted stream passing 
through the arch-ways to expand, and to reunite gently. 
This is of conséquence when the bed of a river is soft ; 
but with piers founded upon rock, unless the river is 
used for navigation, they may, for economical reasons, 
be dispensed with. Still, with high bridges, the piers 
down-stream should not be ended off too abruptly, and 
some sort of compromise between an up-stream cut-water 
and a square face is recommended. 

With respect to the form which should be given 
to up-stream cut-waters, the most perfect geometrical 
shape is that of the equilateral pointed-arch. In small 
bridges where the thickness of piers bears but a small 
proportion to their length, the equilateral pointed arch 
may be adopted, or a drop-arch which is a pointed arch 
described with a radius shorter than the base of the 
triangle, in this case the width of the pier. For the down- 
stream cut-waters of small bridges a semi-circle is a 
good form. 

For the piers of large bridges, which hâve a thickness 
bearing a large proportion to their length, such as one- 
third to one-half that dimension for ordinary piers, and 
about two-thirds for abutment piers, if the cut-waters 
were formed on the equilateral triangle they would cost 
nearly as much as the piers themselves as they would 
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contain one-half to two-thîrds their cubical contents, with 
the more costly curved facing. For thèse large cut-waters, 
therefore, some other geometrical form which would 
reduce their solid contents should be adopted. It is an 
axiom that the angles of masonry work should never, as 
previously remarked, be less than a right-angle in any 
situation, it is therefore essentially necessary that the 
apices of cut-waters should not be less than a right-angle. 
To make the cut-waters right-angled triangles would 
therefore secure the object in view, and reduce the mass 
of masonry to a minimum ; and this form might be select- 
ed if it was desired so to reduce the masonry. But this 
figure leaves an angle at each side of a pier, although an 
obtuse angle of 135°. It is better to hâve curves, and 
this is well effected if the pier apices are made right- 
angles formed by lines which are tangents to a semi-circle 
described at a pier end by a circle drawn with a radius 
of half the width of a pier (^Figure 4, Plate XIII.) This 
geometrical form is therefore recommended for the up- 
stream cut-waters of ordinary piers of large bridges. 

For the abutment-piers of large bridges even the above 
described geometrical form contaîns too much masonry. 
If economy is to prevail, the cut-water figure must be re- 
duced to its smallest contents. The right-angled triangle 
must be adopted to procure this resuit. 

For the down-stream cut-waters of large piers, if a 
semi-circle, or right-angled triangle, are consîdered too 
large projections for economy, a batter can be given to 
square terminations, or ofïsets (see Plate XIII. ^ Figures 3 
and 4, and Plate XIV,, Figure 2). 

There should be no joints at the apices of piers. 

1 8. Pier-caps. — Thèse are more correctly to be called 
cut-water -caps, as they are the terminations of the cut- 
waters at their junction with the head-walls at springing- 
level. The cornice which is introduced as the crowning 
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member of abutments and piers, wîth its upper surface 
on the springing-line, is the base on which the cut-water- 
caps are placed. Thèse caps are usually made of some 
curved geometrical form. They can be described by the 
révolution of the figure of the cut-water tuming on the 
cornice as a base ; but as they do not look well if they 
hide the radiating joint of the springing-course, or skew- 
back, they should be made with their curved, or straight 
faces- to coincide with, or fall within, the first radiating 
joint. 

The pier, or cut-water, caps of small bridges can be 
made of single stones ; but, in large bridges, they must 
be built up. Care is therefore necessary in adjusting the 
stones forming a cap so that it has no joint ât the apex, 
and also that no angle of the stones of which they are 
composed is less than a right-angle. To efïect this 
object working drawings, or a model, showing each stone 
and^each joint, should be prepared. 

19. Arches. — The span of the arches of a bridge 
having been determined, the form of arch to be employed 
has to be considered. The forms in ordinary use at the 
présent day are founded chiefly on the practical require- 
ments of each particular case, and are the semi-circle 
or segments of a circle. If a high roadway is required 
for road grade purposes, and the flood-level is low, 
the semi-circular arch is well adapted for such a case ; 
or, if a high road-way is needed over a back-water, the 
waters of which hâve a low velocity at highest floods, 
and it is therefore unnecessary to provide a clear water- 
way for such floods below springing-line, a semi-circle 
is a good form for the arches of a bridge over the 
tributary. 

Where a low road-way is desired over a stream with 
a high flood level, a low segmental-arch is the best form. 
Thèse are the conditions to be met in nine-tenths of the 
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bridges required for road and railway purposes. As the 
lower the rise of such segmentai-arches the greater the 
horizontal thrust on the abutments, and the weaker are 
the arches themselves, it is not advisable to reduce the 
versine to the lowest limit capable of construction. The 
usual proportions are one-fourth, one-fifth, and one-sixth, 
the span for the rise of segmentai-arches. The first two 
proportions are those in gênerai use, a préférence, if any, 
being on the side of the one-fourth proportion. Both 
proportions are good, and are recommended as giving 
strong, safe, arches with the cheapest work admissible. 
Finely dressed voussoirs are not necessary for thèse 
rises, but they should be dressed wedge-shaped. 

Bridges are so essentially practical works, and their 
détails are so concealed from the view of those passing 
over them, it is not surprising that little attention is 
given by engineers to élégance of appearance, and much 
attention is paid to economy and strength. Where it 
is desired a bridge should possess the ' curved lines of 
beauty,' such as in the case of a town bridge, engineers 
frequently adopt the elliptical-arch, and sometimes the 
low four-centred Tudor-arch. Both of thèse forms 
possess a grâce and symmetry beyond that of any 
other suitable curve. That they are not more frequently 
employed is owing to their possessing less strength 
than segmentai-arches of the same rise, and to the 
greater trouble attending their construction. With the 
elliptical curve, which is the greatest favourite, the 
arch-stones do not radiate to a centre, and the correct 
radiations are a little troublesome to accomplish. 
In the endeavour to avoid this difficulty, engineers 
frequently build up their elliptical-curves with portions 
of circular curves drawn to five centres, the arch' 
stones of each of the five portions being made to 
radiate to its own centre. Such a practice is to be 
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reprehended, as an accurate eye can always detect, and 
is always offended by, the imposture. The elliptical- 
arch has generally a low semi-minor axis, and this renders 
the curve more difficult to approach from five centres 
than if the curve at the arch-crown were less flat. With 
a little trouble the arch-stones of an elliptical-arch can 
be made to radiate geometrically. 

It is said, that the elliptical arch possesses the great 
advantage of aflfording a maximum waterway with a 
minimum rise. This is true, but should not be a reason 
for its adoption ; for, as already laid down, the high flood 
level of a bridge should not ascend above springing-level. 
Of the weakness of the elliptical-arch compared with the 
segmentai arch of the same rise there can be no doubt. 
The haunches of an elliptical-arch appropriate the greater 
part of the rise to the smaller portion of the span. The 
crown of the arch is very fîat, and is therefore compara- 
tively weak. 

20. Arches of Equtltbrium, — Bridges are now always 
designed with arches of equilibrium ; that is, the piers of a 
bridge are made only of sufficient strength to carry the dead- 
weight of an arch, and the thrust due to a live-load. The 
thrust exerted by each half-arch on a pier is not consî- 
dered, as this thrust is counterbalanced by the thrust cA 
the adjoining half-arch. Under thèse conditions, if an 
arch fails from any cause, the piers supporting the fallen 
arch being unable to resist the thrust of the half of the 
adjoining arch, are overturned, causing the failure of the 
adjoining arches on each side, which in tum are followed 
by ail the arches and piers of the bridge. The destruction 
of the whole structure, the abutments excepted, is com- 
plète. If an abutment fails, from want of strength, or 
from bad foundations, the abutment arch fails, causing 
the total destruction of ail the adjoining arches, if arches 
of equilibrium. 
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When bridges are comprised of many arches — as ex- 
plained above under the head of ahutment-piers — it is 
the practice to construct some of the piers of sufKcient 
thickness to resist the thrust of a half-arch on one side 
only ; thus, in case of an accident to an arch, the de- 
struction of the whole of a bridge îs arrested. 

21. Arch'Ting. — The arch-ring îs the arch itself, and 
upon the depth of the ring, and its curvature, dépends 
its stability. The depth gîven in practice to arch-rings 
is greater than the depth necessary to resist the crush- 
ing action of the thrust. To détermine precisely the 
depth of the key-stone of an arch would be, according to 
Professor Rankine, an almost impracticable problem from 
its complexity. Expérience and practice is the best guide 
on this point, and engineers cannot do better than follow 
Professor Rankine's advice, which is as follows : — " The 
best course in practice is to assume a depth for the key- 
stone according to an empirical rule founded on 
dimensions of good existing examples of bridges.*' 

The depths of key-stones recommended in this treatise 
will be found in the Tahle of proportions given at the 
close of this chapter. 

As the pressure on an arch increases from the crown 
to the springing, and the haunches are loaded much in 
excess of the crown load, it follows, that the arch-ring 
at the springing, and haunches, should be thicker than 
at the crown. For segmentai-arches their thickness at 
springing may with advantage be made from i^ to i^ 
times their thickness at the crown. With elliptical, and 
semi-circular, arches, the thickness at springing when the 
arches are in equilibrium cannot exceed half the thickness 
of their piers, but the extra depth can be gained for 
the haunches by lengthening the arch stones until their 
backs meet. In practice, however, as the depth of the 
arch-ring is always in excess, it is usual to give segmentai 
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arch-rings up to 40, or even 60, feet spans the same 
depth of ring throughout. For arches from 40 feet, and 
upwards, it is better to graduate the curve of the extrados 
so as to increase the thickness of the ring at springing, 
and at the haunches. A smaller depth can be given 
to the key-stone of a graduated ring than if made of one 
depth throughout. The diminution, which is theoretically 
correct, also lightens the weight to be borne by the 
centrings, which is an object of some importance when 
they are supported by the piers only, and hâve no inter- 
mediate points of support. 

22. Voussoirs. — Voussoirs are the wedge-shaped 
stones of which an arch is built up. Their sides are 
dressed with the chisel, or hammer, to the slope due 
to their height and their radiation in the curve of the 
arch. Voussoirs for semi-circular, or segmentai, arches, 
with symmetrical rings, where stones of sufficient depth 
are obtainable, are made the thickness of the ring in depth, 
and of two or more lengths, in order to obtain break 
of bond vertically in an arch. The voussoirs fonning 
the outer sides of an arch are iermeàfacing-voussoirs^ 
and for ordinary arches thèse are made single stones the 
depth of the ring. With large arches, when the depth 
of arch-ring is too great for the employment of single 
stones, the internai voussoirs, termed the hearting of the 
arch, are made of unequal depths, two voussoirs to the 
arch-ring depth, or more if necessary. The facing-rings 
of large arches are always made of single voussoirs to the 
depth if stones of the size required are procurable ; or, 
they are formed of two stones to the depth, the stones 
being altemately one-third, and two-thirds, that depth. 
With divided facing-voussoirs single voussoirs may be 
inserted at regular intervais with advantage if stone blocks 
of the size are to be obtained. 

For arches up to 40, or 50, feet span, the thickness of 
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voussoirs at the intrados is usually 8 to 10 inches. For 
arches 50 to 70 feet span, a thickness of one foot is 
suitable. 

The hearting of arches is often built up of rubble-chips 
or of stone of less thickness than the facing-voussoirs. 
Two hearting-chips to one facing-voussoir in thickness 
is a common arrangement, and it is a very bad one. It 
may be economical thus to build up an arch ; but it is a 
false economy if it results in a cracked arch, as is too com- 
monly the case. If, with this arrangement, there is no 
substantial différence of length on the soffit of the facing- 
voussoirs, the final séparation of the face-rings from the 
hearting is inévitable. With a marked différence in the 
transverse soffit length of the facing-voussoir stones, and 
with two hearting-voussoirs to the single facing-voussoir, 
the outside rings tooth, or bond, into the hearting ; but 
even with this précaution the hearting soffit is nearly 
certain to sink below the soffit of the facing-rings when 
the centrings are removed. When there is an insufficient 
bond between the two, the face-rings separate from the 
hearting, and longitudinal cracks through the arch of 
more, or less, size, according to the excess of mortar in 
the hearting, make their appearance soon after the com- 
pletion of the work. 

Partial failures of this kind are not uncommon, and, 
though unsightly, are not always irrémédiable. If the 
cracks are not very wide, and fhe face-rings do not bulge 
outwards, the cracks may be raked out and treated from 
above with cément, which has strong adhesive properties. 
If the cracks are wide, and the arch-faces bulge, it 
is better to remove them altogether, and to rebuild them 
with a good toothing bond into the arch-hearting. 

The evils above described should be avoided by more 
careful, and symmetrical, building. If it is difficult to 
face rubble masonry with ashlar in wall construction, it is 

39 R 
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more hazardous to build arches with carefully dressed 
face-ringS) and double-stone hearting. The safer method 
of procédure is to make the hearting-voussoirs, however 
roughly dressed, of equal thickness with the face-stones, 
or, stated more accurately, having only one hearting- 
voussoir, and not two, to make up with its mortar joint 
the facing-voussoir thickness with its joint. Either, 
therefore, the hearting-chips should be made of a thick- 
ness to suit the selected thickness of the face-stones, 
or the facing-voussoirs should be reduced in thickness 
to suit the chip-stones available. A divergence between 
the two, more than the nature of the workmanship de- 
mands, should never be permitted. 

Another form of construction which has been employed 
in arch-building scarcely needs condemnation. But as 
the construction referred to has been adopted on bridge 
Works, that fact is a sufficient justification of the pré- 
sent référence. The hearting-stones of an arch hâve the 
same width on the soffit as the facing-voussoirs ; but 
thèse hearting-voussoirs hâve their greatest width on the 
soffit, for they tail off upwards. Stone chips are ram- 
med in between the upturned tailing ends, and when the 
centring is struck, and the arch is cleaned up and 
pointed, the intrados of the arch has as perfect an ap- 
pearance as an arch can hâve, which is not entirely built 
of ashlar. Thèse arches are great impostors, for their 
pleasing exteriors only ccfticeal, not rottenness for the 
mortar may be good, but unsound and unscientific work. 
The position of the arch-stones is in fact reversed. The 
wedges are placed upside down, and the tendency of 
compression is to push them out of the arch altogether. 
If the mortar is very good, and the arch-rise considér- 
able, arches constructed in this manner will stand with, 
perhaps, the occasional dropping of a stone ; but the 
practice is not to be commended. That it has ever 
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arîsen may be due to the mental obliquity of clerks-of- 
works, the passive résistance of quarry-men and masons, 
or to fraudulent contractors. Stone for the hearting has 
not been procured, or was not economically obtainable, 
of sufficient thickness to agrée with that of the facing- 
voussoirs for which a higher rate has been allowed ; but 
at the same time the hearting- stones were too thick to 
go two to one face-stone. By placing the thickest ends 
of the stones at the arch intrados, where the facing 
stones were thinnest, a fair, but deceitful, face to the 
arching at the intrados has been secured. 

When arches are not constructed homogeneously, the 
facing-voussoirs being of finer work than thie hearting, 
the introduction of header facing-voussoirs at certain inter- 
vais in the ring, penetrating well into the hearting, is 
recommended. The key-stone may be one of thèse 
headers, which are, of course, in addition to the best break 
of bond obtainable between the face-rings and hearting. 

There is yet another practice of building arches to be 
mentioned, only to be reprehended. This practice is to 
first set together the face voussoir-rings of an arch, and 
afterwards to fill in the hearting. The method is objec- 
tionable, because the mortar of the arch facing-rings is 
in a différent condition to that of its contiguous hearting 
when the centring is struck. An élément of divergence 
of behaviour between the face-rings and hearting is thus 
introduced needlessly to exaggerate the différence of 
settlement which may ensue upon careful building. 

It is better not to build in the voussoirs of arches with 
a quick-setting cément. A slow hard-setting mortar is 
the best cementing material, as it allows an arch to adjust 
itself on the removal of the centrings. A quick-setting 
cément might cause séparations between portions of an 
arch which had become too rigid, and inelastic, to yield 
to the slight différence of form which an arch assumes 
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on the release of its centring. No matter with what 
care the stones composing an arch may be laid, and 
they should be set with heavy mallets and other appli- 
ances, the pressure brought to bear upon them can never 
be equal, or anything like equal, to that they sustain 
when the centring is released. This is particularly the 
case with the voussoirs near the arch crown, for the 
weight of thèse stones falls upon the centring and not 
upon its neighbour below. The crown voussoirs of an 
arch, therefore, settle more than those at the springing 
and haunches from this cause alone, added to which 
there is the settlement due to the aggregate of the incré- 
ments of settlement from the springings. It is évident, 
that a slight altération in the form of an arch-ring may 
ibe expected on the removal of the arch supports arising 
from the self-adjustment of the voussoirs which seek 
accurate bearings on each other by compression . of the 
cementing material laid between them. If this material 
is rigid, and unyielding, the self-adjustment of a mass 
of an arch may cause a dislocation. Quick-setting 
cément is therefore to be avoided as the cementing 
material of an arch. 

When the voussoirs at the crown of an ordinary arch 
sink, if the arch be well built, the mortar joints absorb 
the slight settlement which occurs : the voussoirs do not 
separate apparently anywhere, and the arch-ring diverges 
from its true geometrical curve so slightly as to be in- 
appréciable, and of no importance. With large heavy 
arches settlements may occur of greater importance if 
care is not taken to keep the centrings supporting the 
arch in proper form. The subject of centres will be 
treated under its own head, but so much may hère be said, 
that with large arches there may arise another cause of 
settlement in addition to those already mentioned, and 
which is due to the centres. 
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Various devices hâve been adopted to minimise the 
evils of undue settlement. One method has been to give 
the centrings a curve rising slightly above the curve 
the arch is intended to assume. This is not a bad plan 
when the arch is of moderate size, and the centrings 
are rigid, so that the arch settlement is fairly graduated 
from the springing to key. With large arches the method 
is not of much use, and is practically awkward to adopt, 
as the arch-stones are eut to the true radiation of the 
proper curve. Small settlements are of no practical 
importance, but what is important is to avert settlement 
from improper places. The settlement, whatever it may 
be, should be graduai, from nothing at the springing to 
its greatest at the key. Settlement with large arches is 
liable to occur at the haunches from yielding centrings 
during the process of construction. Inequality of settle- 
ment, not settlement itself, is the danger to be encoun- 
tered in turning large arches. When it is considered 
what enormous pressure is brought to bear upon the 
voussoirs of a large arch when the centring is released, 
it is rather surprising to find how small is the settlement 
of an arch composed of well-formed stones, well, and 
truly, set. 

When a rigid centring is withdrawn from the pressure 
of an arch, the crown of the arch sinks in a small, per- 
haps minute, degree, the voussoirs at the crown open out 
slightly at the intrados, and those at the haunches at the 
extrados. This opening of the joints causes increased 
pressure towards the opposite angles of the voussoirs. If 
the openings are very slight, the settlement which has 
taken place means, that the mortar in the joints is not 
compressed at the intrados at the crown and extrados 
at the haunch, and that it is compressed with increased 
force at the opposite ends of the voussoirs. If the 
openings and compressions of the voussoirs are so slight 
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as merely to cause an adjustment of the mortar in 
the joint, the compressed mortar passing to that part 
of the joint which has opened, the arch will stand well 
and uncrippled : but the amount of opening and undue 
compression will dépend greatly upon the amount of 
mortar in the joints. Practical expérience is the only 
guide as to what this amount of mortar should be^ and 
even with expérience the thickness of mortar to be 
employed will vary with the degree of fineness or rough- 
ness which may be given to the faces of the arch-stones. 
It will be évident that, with large, and consequently heavy, 
arches, the undue compression of a voussoir at one 
termination of its face may be more than the strength 
of the stone employed may be able to bear. The edges 
of the voussoirs may be chipped off by the undue pressure, 
and larger pièces even may become detached. To avert 
such a disfiguration of an arch — danger would be an 
exaggerated term for such slight settlements as are hère 
under notice — it is a practice to place sheet-lead between 
the arch-stones which hâve the tendency to turn on their 
edges in settling. The lead has been given the form of 
a wedge in the case of the famous 200 foot CJiester 
bridge. The lead in this case was placed at the springing, 
one and a half inches thick at the intrados, sloping off to 
nothing at the back. The lead yielded when the arch 
settled. 

The use of lead at joints to prevent chipping at the edges 
is a common practice in ail kinds of building work where 
the stone employed has not great strength and hardness, 
or where the pressure is great, or oblique. Uneven pres- 
sure at the edges of two stones certainly results in 
chipped edges, or . arrises. The lead joint is a great 
preservative of sharp-cut angles. The lead should not 
reach the face, but stop short a small distance within. 
This surely protects the edges, particularly of the stones 
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in columns, and shafts. With a hard and tenacious stone 
so much care is not necessary when the joints are per- 
fectly true, and the weight is vertical to the joints ; but 
in certain situations, such as in the large arch-rings 
referred to above, and where the pressure is not vertical 
to the joint, the introduction of the sheet-lead is advis- 
able, even with the toughest stone. The fracture of 
the granité pillars supporting the Holborn viaduct was 
said to hâve been caused by a neglect to insert sheet-lead 
in the joints. Had the weight of the superstructure 
fallen upon the pillars vertically only, they would not, in ail 
probability, hâve been split, but the pressure was oblique. 

23. Bed'joints. — Bed-joints of arch-stones are sur- 
faces which press against each other. Thèse joints are 
parallel to the piers and abutments of a square-arched 
bridge, and are perpendicular to the soffit of an arch. 

24. Skew'backs, — A skew-back is one of the stones 
forming the course on the top of abutments and piers from 
which an arch springs. When the tangent to the curve 
at the springing is vertical, as is the case with semi- 
circular, elliptical, pointed, and four-centred arches, there 
is no skew-back course, as the arch-ring commences 
at once from the horizontal pier-top. With segmentai- 
arches a course is required on the pier-top to produce a 
face which shall be a bed-joint of the arch perpendicular 
to the soffit. 

If the skew-backs hâve their bed-joints drawn from 
the springing level, the inner lower angles of thèse stones 
are acute-angles, any pressure upon which is liable to 
fracture the angles. To avoid this, two methods of 
arranging the joints of masonry about the springing are 
practised with moderate sized arches. One method is 
to make the first bed-joint of the arch at springing level, 
a skew-back and pier cornice below being eut out of one 
stone. The other method is to make the first bed-joint 
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of the arch the same height above the springîng level 
as the soffit thickness of a voussoir, the skew-back and 
first voussoir In one. One method is as strong as the 
other, but the first method has the best appearance. 

There is a third method frequently practised with 
small arches : the piers and abutments are completed^ 
level, to the tops of their cornices ; triangular slabs of 
stone are then laid upon them at the required angle, 
and thèse slabs are backed up with rubble stone, and 
chips. The ends are made of solid stone after the first 
or second method, so as not to expose the rough work. 
Thèse slab springers, if well set, answer fairly enough 
for small bridges. The practice is not to be commended, 
as unless well done, it may lead to very bad work : it is 
only suited to hard stone and strong mortar. 

With large arches to make the cornice and skew-backs 
in single stones is not practicable owing to the very large 
size of the blocks required for such a purpose. Neither 
may it be practicable to make the skew-backs and first 
voussoirs in single stones. To meet the difficulty the 
bed-joint of the skew-backs can be taken a few inches 
only above springing-level in place of the full soffit-width 
of a voussoir, or the skew-backs may be built up of two, 
or more, stones. 

25. Key-stone. — This term is applied to the centre 
course of voussoirs at the crown of an arch, which is the 
last course laid. The arch-courses are laid on each 
side from the springing-course until they reach the keying- 
course. The voussoirs of the key-stone course are 
then forced in to complète the arch. This is usually 
accomplished by means of heavy mallets. The keying- 
course of the 200 feet Chester bridge was set by means 
of a small pile-driving machine. Three strips of lead were 
placed at the sides of each key-stone, and thèse stones 
were smeared with white lead and oil. 
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The key-stones în the arch-ring faces, and frequently 
of the whole course, are sometimes made deeper than the 
other voussoirs of an arch. They are made to drop 
below the intrados curve, and to project above the 
extrados. No extra strength is gained by this practice, 
•which is copied from the Roman Classic. It certainly 
gives the appearance as if the key had slipped down, and 
it interfères with the beauty of the curved lines of the 
arch-ring. As the practice is useless, and expensive, 
creating trouble with the centring, it is not recommended: 
but there can be no objection to its employment if it is 
in accord with the style of architecture adopted. An 
arch ring never looks better than when flush with the 
faces of the bridge^ the voussoirs of one size, or graduated. 
If the face-walls are rough-tooled, the arch-ring, which will 
be dressed, can be set out slightly — one, to three, inches. 

For the depth of key-stones for ail arches, see the 
Table given at the close of this chapter. 

26. Centres, — Arches while under construction are 

supported upon centres. Thèse centres ai:e temporary 

structures, and are built of stone, timber and iron, separately 

or combined. Sometimes the arches of small bridges, 

and culverts, are turned over solid centres of stone and 

mud, the summer season streams passing through dry- 

stone, or timber, drains at the bottom. This method is 

cheap, and the centres are unyielding, but it is not to be 

commended. Thèse centres are finished ofï with mud, 

or mortar, plaster to receive the arching-voussoirs. The 

objection to thèse solid centres is, that they cannot be 

withdrawn gradually, and evenly. They cannot be slacken- 

ed off from the whole arch at once, but hâve to be dug 

out from the crown. Another objection to them, is, that 

they are liable to settlement at any time. They are 

also liable to damage during storms, or from freshets, and 

are very risky to use as the wet season approaches. If 
40 R 
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well drained below, given plenty of time to settle down, 
the arches of no great height, and wooden centres are not 
available, they can be employed early in the summer season. 
For large arches thèse solid centres are in every way un- 
suitable, and dangerous. There are other forms of centres 
constructed of stone and mud, which are not solid but 
are built in piers, the lower portions liable to submergence 
being set in mortar, but they are ail treacherous, and un- 
satisfactory. 

Centres are usually made of timber framing bolted, and 
fastened, with iron. The form they take is that of a 
séries of ribs, or trusses, placed from 4, to 6, feet apart, 
having the curve of the arch intrados, which is spanned 
over by planks called laggings for large spans, and by 
battens for small arches. Centres for small arches, such 
as culverts, are readily framed from laggings used for 
large arches, or similar scantlings. Two or more planks 
as principals inclined to each other take in the arch curve 
to which they are eut. Tie-planks are then added to 
join the principals at their heads, and heels. For larger 
culverts, and small bridges, centres are framed with rafters. 
Ribs thus formed are set up in position, and the arch- 
curve battens are nailed to them. 

Centres for large arches are designed on two différent 
principles. If a bridge is not too high for intermediate 
support from the river bed, the centre ribs are framed so 
that each portion of the arch-curve is supported directly 
by timbers radiating from one, or more, interposed fixed 
points, piers of stone of temporary construction, or of 
timber. Professional works give many examples of thèse 
centres, which may, or may not, combine the principle of 
a truss in which each part of a rib dérives support, and 
strength, from each other part. Sometimes the ribs 
carried on intermediate supports are not connected as a 
whole, and form no truss. 
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On the other hand if arches are too high above the bed 
of a river, or if there is too much water to render the 
adoption of intermediate supports economical, or advis- 
able, then the centres must be supported entirely by the 
abutments and piers of the bridge. In this case the ribs 
must consist of carefully desîgned trusses. Thèse trusses^ 
supported at each end only, must be so framed as to 
carry the weight of the arch-ring in addition to that of 
their own. Great care is necessary in designing and 
constructing centres composed of trusses of this kind> 
because timber is so elastic that the weight of the arch- 
stones when set at the haunches is liable to distort the 
form of the curve. Framed centres for the support of 
heavy arches, having no intermediate support between 
piers, can scarcely be made, excepting at vast expense, 
to sustain evenly the haunches of an arch without being 
loaded at the crown. Voussoirs to be used in an arch 
may be placed on the crown of a centre to préserve the 
form of the arch-curve and counteract any dépression 
which may, and probably will, occur at the haunches. 

Centres with intermediate supports are the strongest, 
and best préserve the arch-curve. They are the simplest 
to construct, and are the cheapest. They are not to be 
released on the completion of an arch so evenly as trussed 
centres. This is sometimes favourable, but not often. 

Self-supporting trussed centres are expensive, and 
frequently give trouble during the arch building. They 
are however safe from damage arising from storms, and 
freshets in a river, and they are readily released with 
evenness by means of wedges and sand boxes. 

The subject of settlements in arches has been treated 
above under the head of voussoirs. Those settlements 
refer to causes due to the nature of arches and their 
workmanship only. It is necessary ta remark on the 
settlements of arches due to elastic and yielding centres. 
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An arch-ring when built up at the haunches on its centre 
causes a yielding of the centre-curve a short distance 
above the springing-level. The crown of the centre 
having no weight upon it rises up, and the tnie arch-curve 
is distorted. The haunch voussoirs sinking are thrown 
out of their proper radiation, and the joints of the 
portion which has dropped open on the soffit. But the 
course of arch-stones immediately next to the skew- 
back course, sometimes two or three courses, open out 
at the extrados, being left behind by the portion which 
has subsided. This opening at the extrados near the 
springing, and at the intrados further up the haunch, is 
due to the rising crown. With expérience a centre 
will be properly loaded at the crown beforehand, 
but when no such précaution is taken, when openings 
between the voussoirs are observed, no time should be 
lost in loading the crown sufficiently to bring back the 
centre to its normal curve. If the distortion has not 
gone too far, the arch, on release bf the centre, often 
recovers itself. The crown now fully weighted has a 
tendency to raise the depressed haunches, and to close 
the open joints. This tendency to self-adjustment is 
assisted by the natural dépression in the crown of an 
arch which occurs by reason of the increased pressure of 
the mortar joints — already explained under the head of 
voussoirs — as occurring on the release of the centre. If 
the distortion of the curve has proceeded further than can 
be eliminated by the subséquent self-adjustment of the 
arch, slight openings in the intrados joints of a few courses 
of the haunch voussoirs will remain visible after the 
removal of the centre, but the extrados open joints at 
the springing, or close to it, will probably disappear. If 
the distortion and sinking of the arch-haunches has pro- 
ceeded so far that the openings gape, the arch should be 
rebuilt. 
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Arch-centres may be removed at any time after the 
completion of an arch. Some engineers prefer to strike 
the centre immediately an arch is keyed ; others delay 
that opération as long as possible. The more rapidly 
an arch is tumed, and its centre released, the better, as 
the voussoirs will then adjust themselves to their proper 
radiation, and the bed-joints will assume a position 
opposed to the stress of pressure, the unset mortar in 
the joints permitting of this self-adjustment. If an arch 
is built up slowly, as it were from hand to mouth, the 
arch masons being delayed for want of arch-stones, the 
mortar in the voussoir-courses at the springing, and 
haunches, will set before the arch can be keyed. If then 
the centre be immediately released on the completion of 
the keying-course, the crown of the arch will adjust itself, 
and sink slightly, the set portion of the arch remaining 
rigid, which may produce an angle in the curve of the 
arch, and undue pressure on the edges of the voussoir 
courses : or, the haunches will settle slightly in their self- 
adjustment with the crown, and the mortar in the lower 
portions of the arch will become disrupted, and disturbed, 
to an extent that will prevent its ever setting strongly. 

If, on the other hand, it is feared from long delay in 
constructing an arch, that the lower portions will hâve 
set so hard before the arch has been keyed that it would 
be advisable to give the crown time to set also, and the 
centre is not struck for a long time, it is not at ail 
improbable that on releasing the centre, one or more 
dislocations may occur. Such a resuit is almost inévitable 
when the weight of the superstructure is added. 

The voussoirs of an arch should be ail ready before it 
is begun ; the arch should be turned as quickly as possi- 
ble, and the centre may then be released without any 
delay. To be slow is not to be sure in arch-building. 
On the contrary, with proper materials, and a strong un- 
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yielding centre, the more rapidly the work is performed 
the better. 

Small arches should be quickly turned, and their 
centres speedily released. The rétention of centres in 
small arches is a fertile source of cracks, particularly if 
any superstructure is built over them prior to the striking 
of their centres. 

A bridge of several arches will require not less than 
three centres. 

27, Head'Walls ; 28, Spandrels ; 29, Spandrel- 
walls. — A spandrel is the triangular space between two 
arches. This space is bounded by the two arch curves, and 
by the comice which is the crowning member of a bridge, 
and upon which the road-way parapet is placed. The 
spandrels of bridge arches are filled up with solid 
masonry to a certain height, above which are built head- 
walls on each face of a bridge to retain the filling in of 
the spandrels up to the road-way. SpandreUwalls in- 
clude both the face walls of the solid backing and the 
head'Walls, 

The facing spandrel-walls should not be built up to 
any great height above the piers until the arch centre 
has been struck ; otherwise, the horizontal courses may 
be slightly disturbed, and the vertical joints open should 
the arch hâve any material settlement on the removal of 
its support. The lower courses of the spandrel-walls 
should however be laid so as to make the arch-backing 
complète at the springing. 

The cut-waters of piers, instead of terminating in caps 
close above the pier cornice at springing-level, are some- 
times carried up in connection with the spandrel-walls 
to the road-way. In large bridges thèse projections 
from the spandrels are of sufficient size to form recesses 
on each side of a bridge at the road-way, and the parapet 
follows their configuration. Ordinary road bridges hâve 
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sometimes pilasters ninnîng up from the piers to the 
road-way, the parapet being strengthened by the addi- 
tional thickness of the pilasters. Frequently the span- 
drel-walls are built flush in the plane of the arch-ring, 
or a medallion, or suitable omament, is introduced at 
the centre of the spandrel. Panels are occasionally intro- 
duced in the spandrel-walls. 

Circular-arched tunnels hâve often been constructed 
through the spandrels of bridges with the double object 
of supporting the road-way on a light construction, and 
of providing increased water-way. The increase of water- 
way obtained in this manner is very small, and is not 
always worth the extra expense which is incurred. The 
plain flush-face spandrel-wall, with, or without, a centre 
omament, is recommended for ordinary road bridges. The 
beauty of a bridge of several arches is mainly derived 
from its length, and the curve of its arches. Pilasters 
and vertical members introduced at the spandrels of long 
bridges break up the fine perspective lines of a bridge. 
For town bridges, which are usually made more ornate 
than country road bridges, beyond the main features of a 
bridge which should comprise beauty of arch curve, and 
apparent as well as actual strength, the roadway parapets 
are the members which should receive, and which are so 
well capable of receiving, ornamentation. 

30. Backing. — The backing of an arch is the solid 
masonry built on the abutments, and piers, in the spandrels 
of a bridge. This solid backing is necessary in order to 
counteract the tendency of an arch to spread at the 
haunches when its centre is released. The thrust at the 
haunches is horizontal, or nearly so, and to receive the 
stress in the most favourable manner, the solid backing is 
built in horizontal courses, and sometimes the backs of the 
voussoirs are eut into steps to receive the backing courses 
with a vertical joint. Occasionally the upper surface of 
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the backing is made concave with an invert arch-ring 
which abuts against the backs of the arch voussoirs. The 
backing is sometimes made simply of concrète. 

Backing built of block-in-course, or good coursed, 
masonry, in horizontal courses, is the most usual con- 
struction, and answers its purpose perfectly well. The 
superposition of an invert arch on the backing is a good 
plan, as is also the sloping on both sides of the backing 
masonry from the centre of the pier backing in the 
direction of tangents to the arches. By each of thèse 
methods the drainage from the road-way which finds its 
way to the arches is carried to its proper outlets. 

Water percolates from the road-way of a bridge to the 
solid masonry below. This drainage passes ofï on each 
side of the crown of an arch down to the backing, the 
lowest levels of which are either at the bottom of the 
invert curve or at the angle formed by the sloping 
masonry above mentioned. The water which thus coUects 
on the backing should never be passed off through the 
spandrel-walls, which would thereby become discoloured 
and disfigured, but should be led ofï through holes in one 
or both arches, which^ should be fitted with pipes pro- 
jecting a few inches below the soffits of the arches. The 
backing should be sloped transversely from the spandrel, 
or head, walls inwards a few feet to the drainage holes, 
two, or three in number to each arch, according to the 
width of the bridge. The backing should be made to 
slope upwards again from the drainage holes transversely, 
forming with two holes in the bridge-width a cross section 
like a flat W. 

The height to which the backing of an arch should be 
built above the springing level is a matter of considérable 
importance. Some authorities recommend that the 
backing should be built up to a height of one-third of 
the rise of an arch above springing line. Rankine lays 
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down that, wlth circular arches greater than a quadrant, 
the backing should be built up to a height which is îndi- 
cated on the extrados by a radius drawn from the centre 
of the arch-curve at an angle of 45® wlth a vertical 
line drawn from the centre through the crown. This 
recommendation is based on the fact that, in practice, the 
angle of rupture in an arch lies between 45® and 55°. 

Taking, for example, a circular arch of 70 feet span, 
and one-fourth rise = 17^ feet, a height of one-third 
the rise would make the backing 5 feet 10 inches 
above the springing level. Rankine*s rule would make 
the backing about 7 feet above the springing level. 

With circular arches less than a quadrant, Rankine 
gives the formula: — 

Height of extrados above backing =;^r'r — r^, r being 
the radius of the circular arch, and / the length of the 
radius plus the thickness of the arch at the crown. 

Taking, for example, an arch of 70 feet span with a 
rise of one-fifth, the height of the crown extrados above 
the built up backing should be 



V rV— r = V 54*25 X 50*75 — 2575-56 



= V 177-625 
= 13-69 

Then - + 35 — 13*69 = 4 feet, height of backing. 

In practice, however, the backing of an arch is usually 
built up somewhat higher than the height given by the 
above mentioned rules, and it is recommended that this 
should always be done. 

The backing of an abutment should be built up in like 
manner to the backing between two arches. This abut- 
ment-backing should be finished off as a tangent to 
the arch from the rear of the abutment built up to the 
backing height. 
41 R 
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The upper surface of the backing should be made 
smooth, so as to pass off the drainage freely, This can 
be efïected with hydraulic mortar plaster, cernent plaster, 
or by coating the smoothed backing with pitch or other 
similar suitable materiaL 

Small bridges hâve the spaces between the head, or 
spandrel, walls above the backing up to the roadway 
filled in with quarry refuse, broken stone, and chips, sa 
as to allow of the free drainage of the water percolating 
the mass from the roadway. 

31. Internal'Spandrel-walls. — With large bridges the 
interior spandrel -spaces are large. It is undesârable ta 
load arches unnecessarily, which would be the case if the 
internai spandrel-spaces were filled in completely. In- 
ternai spandrel-walls are therefore built parallel to the 
facing spandrel-walls, and the vacant spaces between 
them are covered over either with stone slabs, or with 
small arches, the extemal spandrel-walls being the abut- 
ments of such arches. Sometimes thèse small arches 
are of concrète. 

32. Tie-walls. — The internai spandrel-walls are oc- 
casionally connected, tied to each other by transvferse 
walls of similar character. Such cross internai spandrel 
walls are termed tie-walls. 

33. Blocking'Course, — This is the course, or courses, 
of masonry which intervene between the crown of an arcb 
and the comice of the parapet. If the comice is a plain 
horizontal member, the blocking course is usually, simply^ 
one course ; if the cornice is corbelled, it may contain 
two, or more, courses, reckoning those between the 
corbels. 

34. Comice. — ^^The cornice is the horizontal crowning 
member of a bridge, and base member of the road-way 
parapet. It serves to throw the rain water dripping from 
the parapet clear of the arches and spandreKwalls. Il 
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is better not to allow the road-way surface drainage to 
pass ofî over the comice, as this drainage proceeding from 
drain holes through the parapets is impure, and causes 
unsightly stains on the comice, and face walls. Road-way 
drainage has but a slight fall if passed over the comice, and 
it spreads out, and isblown by thewind on to the face-walls 
of the bridge below. It is a better plan to carry the road- 
way drainage through holes issuing beneath the cornice, 
which should be fitted with métal pipes projecting 
beyond the spandrel-walls : or, the drainage can be. 
carried, if the bridge be an ornamental structure, through 
stone gurgoyles, By thèse methods the drainage is 
thrown further from the arch and faces of the bridge, 
and the drainage holes, and pipes, having a great inclina- 
tion, the water passes through them with considérable 
force. 

The cornice will hâve such mouldings as the engineer 
may deem suitable to the gênerai character of his bridge, 
and the means available. Its thickness, in moderately 
sized bridges, will vary from six inches to a foot ; its 
projection will be less than its depth, Cornices with 
supporting corbels always look well, and greater projec- 
tion and shadow is obtained, as the total projection has 
référence to the total depth of cornice and corbel. 

35, Parapets, — Parapets of bridges should never be 
less than 3 feet in height above the road-way, footpath, 
or pavements. As parapets are liable to receive con- 
cussions, they should be strong. Parapets 3 feet in 
height should be i^ feet in thickness. The parapets of 
large bridges should be 4 feet in height and from i J to 2 
feet in thickness. 

The parapets of bridges are the members of those ex- 
tremely utilitarian structures which are best suited to 
receive omamentation. They are the parts most seen, 
and are capable of receiving a great variety of treatment 
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Perforated parapets give a bridge a handsome appear- 
ance. The only care neoded is that the solids should 
not be made weak, and that the openings should not be 
large enough for a child to pass through. Perforated 
parapets should hâve occasional solids to strengthen 
them. Thèse are usually placed over the piers, and in 
large bridges, over the arch-crowns also. 

36. ParapeUcoping, — Parapet-copings should be mas- 
sive, and well fitted. They can be made of numerous 
forms ; flat, or curved, or sloping from an apex line, with, 
or without, mouldings. A good pattem for ordinary 
bridge copings is to make them flat-topped with three-inch 
chamfers at the sides. Copings project according to their 
size, and mouldings. Plain copings may either be flush 
with the parapets, or hâve a projection of an inch inside, 
and from one to three inches outside, according to the 
size, and particularly height, of the bridge. Rough, or 
rustic, copings may suit railway bridges, but are unadapted 
for road bridges, which should always hâve smooth 
parapets, and copings. 

37. Wheel'guard, — Bridges provided with foot-paths, 
or pavements, do not require any wheel-guards excepting 
at salients, as the curbs of such footways act as wheel- 
guards. If a bridge has no pathways, it is a good plan 
to make the lowest course of the parapet inside to project 
like a step to form a wheel-guard. The step may be 
from 4 to 8 inches in width, and from 6 to 12 inches in 
height. The step saves the parapets from the concussions 
of the wheels of vehicles which may approach too near to 
them. Wheel-guards of this character do not occupy so 
much of a road-way as guard-stones. 

38. Guard-stones. — Guard-stones are required at the 
entrance to bridges to protect the terminations or angles 
of their parapets which hâve no pavements for foot- 
passengers. Pavements also require guard-stones at 
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angles ; but they are not needed to guard straight lengths 
of pavements. If parapets hâve no wheel-guard, or pave- 
ments, then guard-stones are required at intervais. Thèse 
guard-stones should be cubes of about 8, to 12, inches 
above ground, chamfered, or curved, at the top and sides. 
Guard-stones at the entrances to large bridges should be 
of larger size. 

Guard-stones should be unconnected with parapets, 
or masonry, in their rear, so that any concussion received 
by them may not be passed on to the masonry work 
behind. 

39. Road-way. — The road-way over bridges should 
not be less than i^, to 2, feet in thickness at the centre 
over the crowns of the arches. Its transverse section 
should be the same as that of the road. The road-way 
should not be less than 18 feet in width for country roads 
without footpaths. For this width the arches would be 
2 1 feet, allowing 3 feet for the two parapets. For further 
information on road-widths, the classification of roads 
given in this treatise, Chapter III., and Plates /. and IL 
in illustration, may be consulted. 

40. Approaches. — Approach-roads to minor streams 
and small bridges, in an undulating country, usually fall 
towards the road-ways over the bridges. In a flat country 
and at large bridges not passing through rocky gorges, 
approach-rpads rise to the road-ways of bridges. Ap- 
proach-roads to large rivers are frequently of great 
length, and especially so in cases where rivers flood 
their defined banks. With high flood-levels at the 
springing-level of bridges, approaches hâve a considérable 
rise to overcome, and it is necessary the approach-roads 
themselves should be above flood-level. The gradients 
of approaches should not exceed i in 30, or 35. With 
long approaches the gradients will be naturally much 
easier. 
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41, Wing^walls ; ^2, Returned'Walls. — Wing-walls* are 
the retaining-walls to the approach-banks where they 
join a bridge. Approach-banks of earth, which are 
raised more or less above the banks of rivers, must bave 
such exterior slopes as will stand well without support. 
The angle of repose of thèse raised embankments is 
usually I i to i in height. When the banks are well set, 
turfed, and planted, they will stand at this slope even if 
occasionally submerged by high floods. When newly 
made, and liable to submergence, thèse banks may re- 
quire an exterior slope of 2 to i in height. It is therefore 
readily to be comprehended, that where the banks join 
the abutments of a bridge, they must be retained at a 
high angle to prevent the slopes extending into the beds 
of the rivers, where they would be subjected to constant 
damage, and, being carried away from time to time, 
the approach-banks would necessarily follow. In order 
to retain thèse banks at a high angle, that is in the 
shortest horizontal distance, they are supported from 
the abutments of bridges by wing-walls^ or returned- 
walls, 

The proper design, and construction, of wing-walls is of 
the highest importance in masonry bridge building. Sufïî- 
cient attention has not been paid to the wing-walls of 
bridges, which are too commonly regarded as of minor 
importance, and the resuit has been, that more failures of 
masonry bridges hâve arisen from defective wing-walls 
than from any other cause. In many cases the damage 
which has occurred owing to defective wing-walls has 
been capable of réparation in time to save the bridges to 
which they hâve been attached ; but the cost of remédiai 
measures is always in such cases very heavy, and far ex- 
ceeds the cost which would hâve been incurred had the 
wing-walls been properly designed, and constructed, in 
the first instance. 
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The causes of failure of the wing-walls of bridges are 
usually as follows : — 

îst, — Insufficient section ofwings. 

2nd, — Defedive foundations of wings, 

^rd. — Imperfect drainage of road-banks supported by 
wings. 

1 si. — Insufficient Section. 

Wing-walls supporting road-banks may hâve their 
thickness determined like other retainîng walls. Their 
thickness dépends upon several considérations, such as ; — 

1. Weight of earth supported, loose, or compact. 

2. Angle of repose of supported bank. 

3. Bank level, or surcharged. 

4. Form of retaining wall. 

5. Weight of masonry. 

It is évident, therefore, that no fixed rules can be laid 
down to meet ail cases. But as road banks enclosed 
by wing-walls are commonly composed of compact 
earth, which, when enclosed between walls, and unexposed 
to the atmosphère, has a high angle of repose, and 
rupture, it is quite possible to lay down rules of a 
practical character for determining the thickness of wing- 
walls. 

The following Table of dimensions, and rules, are 
recommended for adoption for determining the section of 
wing-walls for ordinary cases. The form of section with 
its construction gives a wing-wall design which iswell 
adapted for sustaining the pressure of a road-bank. 
Wing-walls of the dimensions given in the table, if well 
founded, and well drained, will be perfectly stable, and 
at the same time possess no great excess of strength 
involving unnecessary expense. 
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The thickness of masonry wing-walls at their base will 
thus slightly exceed one-third of their height. 

When it is not deemed necessary to make the top- 
thickness of a wing-wall so great as one-tenth the 
height of the wall, the excess should be added to the 
rear-batter, which, as stated, is to be divided into steps 
in construction. {Plate XV,) 

The courses of the masonry should be laid in planes 
perpendicular to the face batter. 

Wing-walls are sometimes constructed with a vertical 
face, the form usually adopted for returned-wings. Wings 
of this form should be built with rear-offsets in préférence 
to a rear-batter, which permits of that sliding settlement 
of the enclosed road bank which is so detrimental to the 
stability of wings. 

Whcn a wing-wall is built with a perpendicular face 
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there should be a front offset about every 10 or 15 feet 
in height, accordîng to the magnitude of the wall. 

A wing-wall with a face-batter section is to be pre- 
ferred to a perpendicular-face section, as any settlement 
affects the centre of gravity, and stability, of the wal) in 
the latter more than in the former case. 

2nd, — Defecttve Jbundations. 

This is a common cause of failure arising from the 
practice of regarding wing-walls as of very secondary 
importance in bridge building. Précaution is taken to 
found in a substantial manner the abutments, and piers, 
of a bridge, and rightly so ; but for supposed economical 
considérations, equal care is not bestowed in secur- 
ing firm footings throughout for wing-walls. They are 
not unfrequently founded on a stratum far short of the 
solid substratum down to which the abutment footings 
are carried, and the pernicious practice of stepping their 
foundations up the river banks is very prévalent, and 
is fraught with evil conséquences. 

Wing-walls are usually given a length of one and a 
half times their height measured in a line with the bridge 
face and road-way, which gives them the actual length, 
when splayed at 45^, of the hypoténuse of the right- 
angled triangle of which the two sides are each one and 
a half times the height of the wing. Their actual length 
is therefore rather morç than twice their height*. Now if 
thèse long walls are not firmly founded, they act as power- 
ful levers on the masonry abutments to which they are 
attached, and tend to rend them asunder. The leverage 
exerted by a wing-wall, say 40 feet in height and there- 
fore 80 feet in length, upon the extremity of a masonry 
abutment, if not firmly supported by its own footings, is 
enormous, and it can be no matter for surprise if an 

abutment becomes dislocated when subjected to such a 
42 R 
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strain. An imperfectly founded wing is unable to bear 
its own weight, and in such case it will be found that the 
wing has itself become disrupted. Fissures more or less 
extensive are to be seen running through the wing from 
top to bottom ; but unfortunately it would seem as if this 
failing followed, and did not précède, the dislocation of 
the parent abutment. When a bridge is high, and has 
not very large arches, the wings preponderate in mas- 
siveness over the abutments themselves. Any failure in 
the wings of such a bridge is sure to ruin the abutments, 
and to destroy the bridge unless remédiai measures are 
applied directly cracks in the masonry make their 
appearance. 

To avert the failure of wing-walls, and of bridge abut- 
ments, from the cause above mentioned, the following 
rules should be observed in designing, and building, 
masonry bridges : — 

1. If bridge wings are bonded on to abutments, they 

should be founded in like mannerto the abutments. 

2. Bonded-wings should not be stepped up a bank, 

unless the steps are eut in rock, or in a trust- 
worthy substratum. 

3. If it is not desired, for the sake of economy, to 

found the wings of a bridge as deeply and firmly 
as the abutments, the wings should be built on 
level footings of concrète, and they should be built 
against the abutments, and not be bonded into 
them. 

4. Where approach banks are naturally high, and 

wings low, the wing-walls may, as an economical 
expédient, be built of dry-stone ; or the low banks 
may be retained at the end of short returned-walls 
from the abutments by dry-stone pitching. Dry- 
stone wings should hâve a face batter of i in 4, 
and be founded on broad beds of concrète. If a 
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bridge provides ample water-way, and the loss of 
a portion of the water-way of the end land arches 
is immaterial, the road-bank may be pitched with 
stone at an angle of 45^ round the abutment, and 
be rounded ofF to stone-pitched side-slopes at i ^ 
to I. The front pitched bank under the arch 
should be entirely of stone, which for stability and 
appearance should be carefully built. 

^rd, — Imperfect drainage. 

The imperfect drainage of road-banks enclosed between 
wing-walls is a fertile source of failure, and is one which 
has to beguarded against in the construction of ail retain- 
ing-walls built of masonry. Wing-walls of full section, 
and great strength, are liable to be overturned by the 
pressure of saturated and undrained banks behind them. 
Sections of walls, therefore, which may allow a fair margin 
of safety over the theoretical requirements of the case, 
combined with perfectly secure foundations, will be no 
guarantee of stability if the drainage of the enclosed bank 
be disregarded. However well rammed a road-bank may 
be in construction, it will always imbibe moisture in 
wet weather ; and although the angles of repose, and 
rupture, may not be materially altered, for a well-punned 
bank when enclosed between walls will not saturate into a 
State of liquid mud, yet, it will swell laterally, and with 
great force. Undrained banks, besides swelling more than 
when drained, contract in dry weather, and draw off from 
abutment s. (Sce 14, Abutments.) 

Many plans hâve been proposed for counteracting 
the pressure of earth between wing-walls, such as the 
introduction of counterforts running from the back of 
abutments, which is a very good plan, and the division 
of the enclosed area by longitudinal, and cross, walls. 
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The second method, excellent as it is in design, is not 
economical. It requires more masonry than is needed 
for properly designed wing-walls /^ se; and as stability, 
and economy, are the guiding stars in bridge building, 
wing-walls of fitting design to support road banks will 
generally meet with adoption in préférence to any other 
device having the same end in view. 

The drainage of wing-walls is effected in three ways, 
ail of which should always be adopted — 

1^/. — Small drainage passages, termed* weepers/ should 
be made through the body of a masonry wing-wall 
at intervais from the footings upwards. The holes 
should be the height of a course of masonry, and 
if inserted from every rear offset, as shown in 
Plate XV, y their distance apart longitudinally 
should not exceed 9 feet. The weep-holes, or 
weepers, should slope upwards from the face of 
the wall. 
2nd. — As the bank drainage will not flow readily to the 
weepers if the bank be of clay, or retentive of 
water, it is necessary to avoid the use of such bank 
materials in contiguity with wing, or retaining 
walls. Such walls should be packed behind with 
stones, quarry spoil, metalling, or coarse gravel. 
This drainage packing should be carried round the 
rear of the abutments. The packing should be 
from one, to three, feet in thickness, but the more 
of it that can be employed in forming the bank 
behind the walls, the better will be the resuit. 
^rd. — The surface drainage of the bank and roadway 
should be particularly attended to. Th^ road- 
way should hâve a hard curved transverse section 
with side gutters well sloped near the bridge. 
The drainage of dry-stone wing, and retaining, walls is 
self-acting ; consequently thèse dry-wallsareoften foundto 
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Stand well when masonry walls in like situations fail. 
Owing however to the expansive nature of solls when wet, 
banks when thoroughly well drained expand slightly in 
wet weather ; and as dry walls hâve not the strength of 
masonry walls to resist this expansion, they should always 
be backed up with stone débris. 

Wing-wallsor returned-walls areusually made to assume 
one of the following forms : — 

Splayed'wings. 

1. Straight-wings at an angle of 45** with the direction 

of the approach bank to be supported. 

2. Straight-wings perpendicular to the approach bank, 

or at a higher angle than 45°. 

3. Concave-curved-wings direct from the abutment 

on chords of 45°, or other suitable angle. 

4. Convex-curved-wings. 

5. Double-curved-wings. 

6. Convex-curved-wlng with straight termlnations. 

Returned'wifîgs. 

7. Straight-returned-wings, with, or without, curved 

terminations. 
I . Straight-wings at an angle of 45°. — This is the 
most common form of wing-wall. {Fig, \y Plate XVL^ 
The length of the wings dépends upon the surface slope 
of the bank supported. They should be one and a half 
times their height measured in a line with the bridge face, 
which gives them the actual length of the diagonal, which 
is rather more than twice their height, when the bank 
slope is i^to 1. When a river bank is high, and the 
wings if carried to this length would be buried beneath 
them, they may stop short at the junctionof their copings 
with the bank. The wings will then terminate in pillars 
which will be the height of the points of junction of the 
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two planes above the footings of the wings. The pîllars, 
terminations of the wings, should be built square with 
the road-way, and be provided with massive caps rising 
above the copings of the wings. 

As the wing-walls are built to a slope which is that of 
the bank supported, and which is i-^ to i with the length 
of wing above mentioned, the copings are laid to the 
same slope. There are two methods of setting the 
copings : the first method is to set them in the same 
plane as the bank surface supported ; the second method 
is to set them with their upper flat surfaces or, if of other 
• form, with their beds horizontal transversely, the copings 
following the slope of the top of the wall only. With 
the first method the copings hâve two slopes, that of the 
tops of the wings in a vertical direction, and that due to 
the intersection of the surface plane of the bank with 
the walls. The copings thus slope at near 2 to i in the 
direction of the wings, and at i to 1 , or 45°, transversely. 
Copings having this double slope are neater in appear- 
ance than when made with one slope, as they are conti- 
nuations of the planes of the bank slopes ; but their beds 
should be stepped partially, if not wholly, otherwise they 
are apt to slip ofï the wings into the stream. With a 
single slope the copings should be stepped like gable 
copings to prevent their sliding down the wings. 

Wing-walls of this form, if sufficiently strong of them- 
selves to resist the pressure behind them, and if firmly 
founded, act as angle buttresses to the abutments. If, 
however, they are not amply strong as retaining-walls, 
and are not stable on their footings, they hâve a contrary 
effect on the abutments to which they are attached, and 
are a source of danger, not an élément of strength. It 
is the best plan, therefore, to make abutments sufficiently 
strong in themselves to resist the thrust of the arches, 
and if there is any doubt about the compressibility of 
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the stratum upon which the wing-walls are founded, they 
should not be bonded into the abutments, but simply be 
built up against them. Thus constructed, abutments, 
and wing-walls, may afford support to each other ; but 
the bridge masonry can take no harm should the wings 
be in any way defective. 

If the courses of the masonry of wing-walls are laid on 
beds perpendicular to the face batter, greater strength is 
obtained than if the courses be laid on level beds. 

2. Straight'wings perpendicular to the bridge face^ or 
at a higher angle than 45°. — Wings are thus built when 
it is desired to compress the stream to the width of the 
archways : aiso, when the river is confined between, and 
bounded by, wharf-walls, or quays. 

When a river-bed admits of wings being built at a high 
angle, the pressure of the bank on such wings is reduced. 

3. Concave-wings, — This is a common form of wing- 
wall (Fig. 2, Plate XVL) and possesses advantages over 
other designs when of sufficient strength of section, and 
when solidly founded. The wings being convex to the 
supported banks hâve the form, and strength, of an arch, 
and are not so liable to be overturned by the bank pressure 
as are straight wings. As the thrust of the banks upon 
the curved-wings is carried to the abutments to which 
they are attached, it is necessary the abutments should 
be very solid, for thus situated they hâve extra work 
to do. The wings are relieved at the expense of the 
abutments. This being the case, curved-wings are only to 
be safely adopted when the abutments exceed the wings 
in thickness of section, which they will not do in the case 
of high abutments, and small arches ; conditions, which, 
if not of fréquent occurrence with bridges, are very 
common with culverts. 

With low, or strong, abutments having sections exceed- 
ing those of their wings, and with firm footings to the 
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wings as well as to the abutments, the concave form of 
wing wall is a very good one. 

4. ConveX'Curved-wings. — This form is not one in 
common use. It can be adopted when wide entrances 
are desired to a bridge ; but the section of such wings 
should be of ample strength, as the road banks exert their 
pressure upon the inside of the masonry arch, which is, 
of course, its weakest side. 

5. Double-curved'Wings. — Thèse wings are formed 
with a convex wall starting from the side of an abutment. 
This wall is built vertical on its (ace, or with the same 
batter as the abutment. It commences at right-angles 
to the sides of the abutment, and is then curved a quad- 
rant with a short tangent termination parallel to the 
road-way. From this point the reverse concave wing 
commences with a front batter, the concave wing being 
usually a quadrant. 

This form of wing (Fig. 3, Plate XVL)^ is excellent, 
and is recommended in préférence to ail others. It gives 
to an abutment a massive towerlike appearance, and 
secures the safety of the traffic where it is mostly needed, 
which is at the junction of the bank with a bridge. A 
bridge is secured a wide road-way entrance, and the 
bank-width enclosed by the convex tower affords room 
for raised mounds of earth, or other protection, to secure 
the traffic from the danger of falling over the bank and 
wing-wall. With straight, or concave, wings, security 
can only be obtained at this point of danger with new 
bridges by railings, which are seldom of sufficient strength 
to resist the concussion of a heavy vehicle. Parapet 
walls cannot be employed until the road-bank has become 
thoroughly Consolidated, which will not be the case until 
after the lapse of some years. 

The convex portion of the wing projects from the side, 
not the rear, of the abutment. In this position it is far 
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less likely to injure the abutment in case of settlement, 
and dislocation, in the wing. With this form of wing it is a 
good plan to hâve a short counterfort in rear of the abut- 
ment in the centre, as it cuts the bank in two so far as 
concems the convex-wings. The bank pressure falls prin- 
cipally upon the concave-wing, which is of the best form 
to resist it. There is no other design of wing-wall which 
possesses the advantages of this double curved wing. 

6. ConveX'Curved'Wings with straight terminations. — 
This form is almost identical with that just described. 
It is slightly inferior to it in strength, and its only re- 
commendation in comparison with the double curved-wing, 
is, that it is easier to build a straight than a curved wall. 
It is, however, a form of wing second only to the double 
curved-wing. 

Returned'wing'Walls. 

7. Straight-returned-wings. — Bridge approach banks 
can be retained with what are termed returned-walls, 
which are not properly wing-walls, as they do not entirely 
retain within them the road-banks at bridge approaches. 
{Fîg. 4, Plate XVL) 

Retumed-walls are built from the rear of an abutment 
in the direction of the road-way, and parallel to the axis 
of a bridge. They are made of sufficient length so that 
the natural slope of the bank, which necessarily falls 
outside of them, should be clear of the river. As the toe 
of the bank slope should be thus clear of the stream, the 
adoption of the retumed-wall System is only advisable 
under certain conditions. Those conditions are présent 
when the bed of a stream is well depressed between high 
banks, and when the artificial approach bank is low. 
Retumed-walls are not suited for rivers with shallow beds, 
and low banks, which require the approach-banks to be 
of considérable height above the natural banks. 
43 R 
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Returned-wings require great care in design and exe-^ 
cution for two reasons : — Firstly, they are unsupported at 
their terminations, and are frequently of the same height 
at their extremities as at their junctions with the abut- 
ment. Secondly, they are subjected to great pressure from 
their enclosed earth-bank, which, when in expansion during 
wet weather, has no play. The enclosed bank is tightly 
bound in on ail four sides, and if of soil, and undrained, is 
sure to resuit in the dislocation, or overtuming, of the 
retumed-walls. With enclosed banks of earth, retumed- 
walls of great strength are liable to destruction. As re^ 
tumed-walls are built out from the rear of their abutments, 
their destruction generally entails that of the abutments 
also. If the abutments hâve a smaller section than the 
retumed-walls, which is often the case with high bridges 
and small arches, or where a bridge is not arched but a 
girder bridge, the failure of the returned-walls must rupture 
and destroy the abutments. This proves that careful 
designingis necessary where retumed-walls areconcemed. 
If the walls are lofty, they must be provided either 
with counterforts inside, or with buttresses outside. 
The former is préférable, both on account of appearance, 
and also that by means of counterforts the interior bank 
is eut into, and the damage it may occasion is reduced. 

Careful exécution of a design is also very necessary, 
for otherwise walls sufficiently strongas designed may fail. 
The instructions given at commencement of this section 
on wing-walls, as respects the formation, and drainage 
of the enclosed portions of approach banks, should be 
attended to strictly. 

It has been recommended by some authorities to eut 
up the interior space between returned-walls, and wing- 
walls, by longitudinal and cross walls, so as to reduce the 
pressure of the enclosed materials to a minimum ; or else, 
by roofing over between the interior walls to avoid 
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entirely the use of interior filling. Such recommenda- 
tions are worthy of every considération, and doubtless if 
followed would secure retumed-walls, and wing-walls, 
from destruction from internai pressure. But the masonry 
required to effect the purpose is much in excess of that 
needed for wing-walls, if the enclosed banks be formed of 
stone débris and coarse gravel, and if the drainage through 
the walls be properly secured. 

43. Flooring. — It is often advisable to construct a 
paved flooring in arch-ways to prevent undue scouring 
of a river bed, and its resulting exposure of the pier foot- 
ings. The flooring may merely cover the rectangle 
under an arch, or it may extend to the terminations of 
the pier cut-waters. Walls should be built across the 
river bed between the piers to retain the flooring, and 
this paved flooring should consist of long stones set up- 
rîght and bedded in concrète. 

44. Aprons. — When it is desired to protect the whole 
of the footings of a bridge from scour, and the approach- 
banks are retained with splayed-wing-walls, the paved 
flooring is carried beyond the pier cut-waters as far as 
the terminations of the splayed-wings. Retaining-walls 
are built across the bed of a stream from one wing termi- 
nation to another. The paved area between the pier- 
terminations and the wing-ends is termed an apron. 

Aprons are seldom employed or required for river 
bridges, but they are commonly adopted in the construc- 
tion of drains, and culverts. The reason of this is, that 
bridge sites are usually selected, whereas culvert and 
drain sites are not so selected, but require to be built to 
suit the flow of cross drainage of a road, no matter what 
may be the nature of the substratum which will hâve to 
bear the weight of the work. Drains, and culverts, are 
thus frequently built on soft soil which requires the pro- 
tection of paved floorings, and aprons. 
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34» 



CHAPTER XII. 
CONSTRUCTION OF MASONRY BRIDGES. 

I. — Designs — Scales — Working Drawings — Setting dut Works — 
Standards-*-Method of fixing Lines. 

II. — FOUNDATIONS — SUPERSTRUCTURE — CLASSIFICATION OF StONES AND 

Work— Joints — Spécifications — Bond— Arching. 

III. — Failures — Remedial Measurks — Superstructures — Founda- 

tions. 

I. 

DESIGNS— SCALES— WORKING DRAWINGS— SETTING 
OUT WORKS— STANDARDS-METHOD OF FIXING LINES. 

Designs. — Although standard designs may be prepared 
for bridges required for any particular line of road, or 
division of a country, as examples to be followed, yet it 
is always désirable that spécial designs should be prepared 
for every bridge of importance. The characteristics of 
the standard plan may be adhered to, but the détails in 
each work will differ. As no two things are alike in 
nature when carefully examined, so no two rivers and 
streams are really, though they may be apparently, like 
each other. The waterways of différent streams may 
présent such similarity to» each other that bridges of 
the same number of arches and of the same span may 
suit them ail ; but it would be strange and unusual, if 
the likeness between any two or more of them extend- 
ed farther, to détails of height, of road-way, slope 
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of banks, depths of foundations, strength of current, 
or length of wing-walls. Bridge designs should also be 
appropriate to the locality and importance of the com- 
munication. Fine face-work would be as much out of 
place in forests or in the depths of a wild country as 
would be rough and rusticated work in a town bridge. 
Designs will also vary according to the materials available 
for its construction. Plans should therefore always be 
prepared for a bridge giving ail the détails necessary to 
set it in its position, leaving as little as . possible to the 
discrétion of its immédiate builder. 

Seules. — Bridge plans should be on a sufficiently large 
scale to show every portion of the work clearly. Such 
plans should not be drawn out on the usual décimal scales 
employed by the engineer for his road surveys. Décimal 
scales, though the best suited for the long lengths, mea- 
surements, and calculations of the engineer, are inappro- 
priate for builders, or architects. For ail building work of 
every description scales proportional to the usual divisions of 
the English foot-rule should be employed. Thus the scales 
for ail the plans of buildings, bridges, and masonry engineer- 
ing Works should be one or more of the following : — 

To the foot of 12 inches. 



Full size, 12 inch. 


2\ inch 


I J inch 


^inch 


|inch 


Half full size, 6 „ 


2 „ 


I „ 


* » 


■h ,. 


Quarter full size, 3 ,, 


i\ ,• 


* ,. 


i » 


^ .. 



For plans of works the \ inch scale, or 8 feet to i inch, 
is well suited. 

If the works are large, the ^ scale, or 16 feet to 1 inch, 
should be adopted with important parts on the \ scale. 

Quarter full size, or 3 inches to the foot for small dé- 
tails, and \ inch scale or 4 feet to an inch for larger détails, 
are suitable scales for détails of plans. Working-drawings 
should be on full, half, or quarter full size scales. 



CONSTRUCTION OF MASONRY BRIDGES. 343 

Those engineers who may hâve been accustomed to 
use the décimal scales of 20 feet and 10 feet for 
plans, and 5 feet to the inch for détails, will find the 
advantage of a change to the somewhat larger scales of 
16, 8, and 4, feet to the inch : besides which the advan- 
tage is gained, by the use of the scales recommended, 
which are architects' scales, that the artisans and clerks- 
of-works can take measurements off their plans with the 
ordinary foot-rule, the divisions of which are familiar to 
ail persons. 

Working Drawings. — Bridge-works or buildings should 
not be commenced without a complète set of plans and 
working-drawings, and thèse should on no account be 
removed from the works. 

Setting out Works — Standards. — The setting or lining 
out of bridges, and indeed of ail buildings, is an opération 
requiring far more care than is usually devoted to it. The 
principal lines and right-angles should be fixed by means 
of the théodolite, the levels by the Y or dumpy level used 
for surveying, and the measurements should be based on 
a fixed standard kept on the works. No measurements 
should be taken by means of chains and tapes, and 
angles and levels should not be set off with the mason's 
and carpenter's square and level. The results obtained 
by the use of the implements named are sure, not only 
to be erroneous in themselves, but to difîer from each 
other. A local standard measure is very important. Its 
extrême accuracy with respect to standard measure is of 
less conséquence than that it should agrée with itself and 
always be at hand for référence. For large works a length 
of 100 feet may be carefully laid off in 10 feet lengths on 
a building, pavement, rock, or other permanent place ; or 
stones may be specially set up in mortar for the purpose. 
For smaller works ten feet wooden rods accurately divided 
into feet will suffice. 
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Method of fixing Lines, — The next point requiring 
attention is the method observed in lining out walls- 
When this is accomplished by means of iron or wooden 
pegs and twine or wire, a System such as the following 
should be adopted : — 

Firstly. — The walls should be permanently marked out, 
not the foundation widths. Thèse can only be 
determined with accuracy when the actual depths 
required in the excavations are known. 

Secondly. — The lines should be taken to the right sides 
of the pegs looking towards the work. 

Thirdly, — The pegs should be so placed so that they 
will not fall into the excavations. 

IL 

FOUNDATIONS— SUPERSTRUCTURE— CLASSIFICATION OF 
STONES AND WORK— JOINTS -SPECIFICATIONS- 
BOND— ARCHING. 

Foundations. — As the foundations of a structure hâve 
to bear its whole weight, the masonry of the footings 
should be as carefully constructed as regards the bedding 
of the courses as in the walls above ground. It is not 
necessary to give the face of the work below ground the 
same finish as the walls above ; but the bed-dressing and 
fitting of the stones in the interior work should not be 
inferior. It is a too common practice to fill in the exca- 
vations for foundations with uncoursed rubble-masonry, 
no care being taken to ensure stability at the angles of 
the work, or to lay and pack the interior stones. The 
work is to be out of sight, and the top course on which 
the plinth is to rest is brought up level by means only of 
chips and mortar. Where such work is permitted, and 
but small offsets are designed, if the work be subsequently 
examined by side excavation it is highly probable that by 
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reason of the outside stones being badly set the real 
strength of the foundations is not represented by their 
width on the plans : that, in fact, they hâve not greater, 
or so great, a real substantial thickness as the walls they 
hâve to carry. 

Very great errors as respects foundation building arise 
from the common method adopted by many clerks-of- 
works in lining them out. The designer of a structure 
obtains the information that a firm footing is to be 
obtained at the selected site at a certain average 
depth. He accordingly designs his walls with average 
footings. The clerk-of-works, guided by the plans, sets 
out the work on the ground, showing the breadth of 
the excavations required for the average footings. 
The firm substratum to be built upon is found to vary 
in depth below ground : at one. angle it is near the surface, 
while at another it is several feet below it : or the original 
information as to the average depth of the footings may 
hâve been erroneous, and the excavations may hâve 
to be carried down very much deeper than was anticipat- 
ed. Whatever the depth, the original setting out of the 
foundations is retained either by ignorance, indolence, 
or absence, on the part of the clerk-of-works. The 
foundations thus get filled in to the same width at the 
bottom, no matter what their depth may be, and no remedy 
short of reconstruction can repair the mistake. 

Then, again, so little care is often bestowed on founda- 
tion-work, that when it is brought up to plinth-level a 
great deal of * humouring' is required to place the super- 
structure walls square on the footings. 

Foundation-work should be as carefully laid as the 
walls above ground, and the angles should be as well set 
and bonded : the only différence to be permitted should 
be confined to the face of the work, which, in the case of 
footings, need not be finely dressed. 
44 R 
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When foundations are on rock it should be carefully 
eut out level throughout, or in steps. 

Foundation excavations should invariably be inspected 
by the engineer previous to the commencement of the 
foundations. 

Superstructure— Classification of Stones and Work. — 
The description of masonry to be employed in the super- 
structure of bridges will dépend upon the nature of the 
stone available in the district, and upon the magnitude of 
the work. Building stones may generally be classified with 
granité, gneiss^ basait, sandstones, clay-slates, and lime- 
stones. Granité and basait are unstratified, gneiss, sand^ 
stones, and clay-slates are stratified. Limestones are 
easily wrought. 

Masonry is specified as ashlar, blockÀn-course, coursed- 
rubble, or random-rubble. There are subsidiary varieties 
of each having référence to the fineness of dressing, and 
size of the stones and courses ; thus each description of 
masonry work may comprise two sorts, making a total of 
eight différent sorts of work out of which a sélection may 
be made ; and to this number may be added the combina- 
tions of ashlar and block*in-course with rubblç^ work. 

Ashlar consists of stones of a fixed size eut true on ail 
faces. Ashlar-masonry is like brick-work on a large 
scale as far as the courses are laid, and bond obtained, 
but the stones are usually double cubes. 

Block'in*course consists of stones eut true on ail faces, 
but the dressing is not so fine as in ashlar-work, nor are 
the stones exactly two cubes, or the same size. 

Coursed rubble comprises face-stones and rough stones 
for interior work. The face-stones are either dressed or 
chisel-drafted on their square or rectangular faces, and 
they are dressed square for 3 to 6 inches on their beds 
from the face of the work. Vertical joints are dressed for 
half thèse distances. The courses of masonry are usually 
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oî the same depth throughout, but the face-stones vary 
in length of face. 

A second class of coursed rubble masonry consists of 
stones not of uniform depth, but the work is built up level 
in courses, and bond-stones are introduced which are 
seldom necessary with good fîrst-class coursed rubble 
work, 

, Dimensions of the stones to be employed in the above- 
mentioned descriptions of work are not given because 
they will vary with the class and nature of the stone 
employed. 

Random-rubhle is of two kinds, where the face stones 
are irregularly laid but closely fitting to each other, and 
where the face stones do not fit closely. Random-rubble 
of the first sort has a good effect, but should only be 
employed when the cementing material is of excellent 
quality, and the walls hâve ample dimensions or do not 
carry much weight. 

Random-rubble, or herring-bone work is suited for 
parapets, as the work is well calculated to resist the 
latéral shocks of the wheels or heavy burdens of laden 
vehicles. A random-rubble parapet will withstand a 
heavy latéral blow which would dislocate a whole course 
of ashlar, or coursed-rubble work, in the same position. 

joints, — It is not necessary that even large bridges 
should be built of fine ashlar work as respects abutments, 
piers, and wing-walls. Block-in-course work is sufficiently 
good for the largest bridges ; but this work will, of course, 
vary in the degree of fineness to which ail the faces of 
stones may be dressed. It is to be understood that the 
face and two beds of the stones are to be taken out of 
winding and to be, if of hard character, chisel dressed ; 
if free and tractable, sawn, or axe, or chisel, dressed. 
The vertical sides of the stones may, or may not, be so 
carefully squared and dressedf and the backs of the face- 



348 CONSTRUCTION OF MASONRY BRIDGES. 

stones or ends of the interior stones may, or may not, be 
similarly dressed. 

Now with the dressing of the stones generally defined 
as above given it still remains necessary to specify the 
degree of fineness of the stone-dressing, and the thickness 
of the joints of the work. Spécifications are supposed to 
include thèse points, but they are not always satisfactory, 
because they do not define what a joint means. Spéci- 
fications usually State that the joints of ashlaror block-in- 
course are to be ^, or 4> inch joints, withoutany définition 
of the degree of fineness to which the stones are to 
be dressed. When |, or i, inch, or any size cernent, or 
mortar, joint is specified, such spécification is open to 
two interprétations : — either the joint of mortar may be |-, 
or ^, inch in thickness, or only a thickness of J, or ^, 
inch of mortar is to be permitted between two stones. 

What is a joint? A joint between smooth bricks, 
sawn freestone, or the surfaces of hard stone ground 
may clearly mean the thickness of the cementing mate- 
rial between the surfaces mentioned. But with granité, 
basait, and the barder stones, the surfaces are not re- 
duced to such smoothness ; they are more or less rough, 
and the degree of roughness requires a spécification 
apart from the thickness of the joint. 

Ashlar, and block-in-course, of hard stone, when the 
surfaces are thoroughly taken out of winding and are 
finely chisél-dressed, are far from being smooth. If a 
face be guaged, it will be found to be generally smooth, 
but the dépressions, as numerous as the projections, 
guage ^, or ^, inch below the gênerai surface plane. Now 
with a ^ inch joint of mortar, and ^ dépressions in the 
stone, the mortar joint of the work will in reality hâve a 
thickness of | inch. If a specified joint is to be i inch 
thick, then the actual mortar between the stones will be 
^ inch. If, on the other hand, a spécification is taken 
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to mean that no more than ^, or \y inch of mortar is to 
be laid between two stones, then it is clear that the 
stones with ^ inch dépressions will, when so set, touch 
each other throughout their gênerai surface planes. 

On the one reading a ^ inch joint means the joint to 
be I inch, and on the other nothing. To prevent, there- 
fore, any différences arising from a discussion of what 
a joint really means, it is advisable the stone dressing 
be specified in the manner indicated, and the joint be 
defined to mean the distance between the gênerai sur- 
face planes of the prepared stones. 

The subject of the thickness of mortar-joints which 
giveç the greatest strength to masonry work has not been 
sufficiently exhausted to produce any definite results. A 
vast number of experiments, with varied forces, with 
différent widths of joints applied to différent classes of 
masonry-work, and différent sized stones of diversified 
character, would be necessary to produce anything trust- 
worthy. The best thickness of joint would probably be 
found to vary with the dressing of the stones, and with the 
work to be performed. When subjected to great pressure, 
masonry-work, such as in piers of bridges, and in shafts 
and pillars, should not hâve thick joints ; the stones should 
hâve their face-planes almost if not quite in contact. 

The experiments of Lieutenant Cresswell, R.E., in 1878 
— Roorkee Papers, January 1879 — with brickwork, with 
which material the surfaces may be considered as level 
and smooth without dépressions such as hâve been men- 
tioned above, proved that, when arranged as a bar, 
supported at each end, and weighted in the middle, ^ inch 
joints gave the best results which diminished slightly with 
i inch joints ; while, \ and f , inch joints gave poor results. 

Spécifications. — Large bridges may be built of block-in- 
course with rubble within. In such case the rubble-stone 
blocks should be roughly squared and be of the same 
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depth and nearly, if not quite, the same size as the 
facing-work. Piers may be built of block-in-course facing 
and transverse and longitudinal tie walls, the interior 
spaces, or pockets, being filled in with good rubble work. 
{Plate XIIL^ Ftgs. 2, 3, 4.) Flat-bedded work with the 
utmost break of bond obtainable with the sizes of the 
stone employed, forming, with the sélection and prépara- 
tion of the mortar, the chief points to which attention 
should be directed. 

For small country road bridges it is not necessary that 
fine cut-stone, or block-in-course of stone sawn, or fine 
chisel-dressed, should be extensively used. Coursed- 
rubble masonry consisting of flat-bedded stones chisel- 
dressed, six inches and upwards, according to the size of 
the work, on their beds from the face, the rest of the 
stone being hammer, axe, or roughly chisel, dressed 
to the same bed-planes, is well suited for the abutments, 
piers and wing-walls of small bridges. The great object 
is to obtain a complète break-of-bond, by which is meant 
a constant break in the continuity of the joints of the 
masonry. Bricks are made in length twice their breadth, 
in order to obtain the utmost séparation between any, two 
joints of the material, and the doser this principle is 
observed in the préparation of the stone, and in. the 
building of walls of stone-masonry, the stronger will be 
the work. Another object désirable to attain is to give 
the courses as level beds as possible by means of the stones 
themselves. For this purpose the rubble-stone should 
be roughly eut as rectangular as may be possible, and ail 
tailing stones should be avoided. Coursed-rubble stones, 
which are tooled rectangular on the face and are dressed 
square from the face for a certain depth into the work, 
should not tail off to thin slabs, or to points in the rear. 
With such objectionable stone, the interior of walls so 
built consists of spalls, and the bond obtained is of the 
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most slender description. The reàult of such work is 
that the mortar is subjected to strains it should not be 
called upon to bear. Want of sufficient bond in the lay- 
ing of the stones causes a tensile-strain upon the mortar, 
which ought properly to be borne by the stone. The 
use of tailing-stones throws also upon the mortar a com- 
pressive-strain which should be sustained by that material 
best calculated to resist it, namely, stone. 

For the reasons above given, rubble-masonry, not 
coursed, possesses a strength very inferior to that of 
coursed-rubble masonry. Its strength lies inthe character 
of the mortar employed. If the lime-stone obtainable 
in a district is very rich in the carbonate of lime, and is 
poor in alumina, the greater the care necessary to obtain 
good stone for building, and to ensure that the work is 
coursed with as level beds as the material and cost will 
permit. Very hard rubble-stone, such as granité, gneiss, 
flint, trap, or basait, and rich lime-mortar, produces weaker 
work than a softer stone dressed and laid in courses with 
the same mortar. The mortar has much to do in the 
first case, and in the seconcj the stone bears the principal 
strains and relieves the mortar. In the first case pressure 
on a wall causes each stone to act as a wedge against its 
neighbours, and the mortar is called upon to resist this 
mechanical process by its tenacity, which, in the case 
of rich limes, is poor. In the second case pressure on a 
wall produces no wedge action, for the pressure is per- 
pendicular to the bed joints, the mortar has little to do, 
as the shearing force is small, but to bear a direct 
crushing strain. This it is able to withstand without any 
evil results ; for, if crushed at any place, and its particles 
lose their cohésion, the material still remains, and cannot 
slide away ; nor hâve the stones any tendency to give 
way, provided always the stone is not called upon to carry 
a load in excess of its crushing weight. 
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The principle hère enunciated should be strictly 
observed in the construction of ail walls which hâve to 
carry heavy superincumbent weights. It is known that 
many works and buildings hâve been erected where this 
principle has not been observed ; but in such examples 
their stability is only a proof that the cementing material 
employed was of excellent quality. The stability obtained 
may be sufficient for the purpose,and to hâve been secured 
at a practicable cost, the stone employed having no 
cleavage and an irregular conchoidal fracture, as in the 
case of flint, and trap, stones. 

Bond. — It is a very common practice to build walls 
of coursed-rubble stone, in which the face-stones on 
each side are either not long enough to overlap each 
other, or the wall being thin, there is not much room 
for the insertion of stones to retain a bond. Walls so 
built are like two walls neatly faced placed back to 
back. To secure a bond in such walls the insertion 
of through bond-stones at intervais is specified, and 
doubtless with good effect ; but the bond so obtained 
transversely is inferior to that*ensured by the overlapping 
of the face-stones, and the unsightly appearance of the 
bond-stones on the face of the work is obviated. Face- 
stones may be made of such size on the face as to 
give a sufficient depth and breadth to the bond-stones 
used, but if this is the case, it is évident the face-stones 
themselves might be made long enough to overlap. 
The fact is, that in coursed-rubble masonry there is a 
tendency to make the face-stones nearly alike either as 
headers or stretchers. The extemal appearance is im- 
proved when the courses are equal of some depth, and 
the internai bond is in a measure sacrificed to secure 
this appearance. 

The best work is obtained under the spécification of 
coursed-rubble masonry when the stones are rectangular. 
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and are laid altemately as headers and stretchers, or 
with two stretchers and a header. 

When great care is taken to secure a good transverse- 
bond, it often happens that longitudinal-bond is in a 
measure lost sight of. It is very désirable there should 
be a good transverse-bond in a wall ; that walls should 
be well bonded through ; that they should not be built 
with two faces and with nothing but spalls inside ; but 
it is of still greater moment that longitudinal-bond should 
be secured. A superincumbent weight may, with weakly 
transverse-bonded walls, cause dislocations longitudinally, 
forcing one face from the other ; but with walls which 
hâve insufficient longitudinal-bond the probability of rup- 
ture is enhanced, the leverage tending to transverse 
dislocation is so much greater than in the former case. 
When failures occur they most frequently originate in a 
want of longitudinal strength. 

Arching, — The arches of large bridges should always 
be built of ashlar. It is a proper and recognized practice 
to make the facing-voussoirs of an arch the same width 
throughout the arch, and as the depth is fixed, the 
dimensions of the arch-stones are virtually settled. . It 
is not absolutely necessary that the arch-stones should 
be of two lengths only, so the interior arch-work may 
sometimes consist of block-in-course work. The backs 
of the hearting-voussoirs may also be left roughly 
dressed, if the stone is very tough, without any disadvan- 
tage. Whether, or not, an arch is to be built of two or 
more stones in the arch-depth will rest with the size of 
the arch, and the nature of the stone available. If more 
than one stone is employed in the arch-depth, the best 
break of bond must be secured, and on no account should 
the stones be laid concentrically in rings. The arch-stones 
should, of course, be dressed wedge-shaped to the radiation 
of the curve of the arch. 
45 R 
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The facing-voussoirs of an arch should break bond well 
with the interior work. This is the more necessary when 
the character of the hearting-stonés is inferior to that of 
the facing-stones. In large arches there must be no 
différence between the two, and the less différence there 
is in any arch the better. The practice of making two 
hearting-stones go to one course of facing-stones should 
never be permitted ; for, owing to the excess of mortar 
used, the hearting will be sure to settle more than the 
face-rings, and dislocation longitudinally will probably 
ensue. 

Ashlar arch-stones dressed to \ inch in fineness (see 
Superstructure) is suitable for the large arches of a town 
bridge. Ashlar dressed from J, to -J, inch in fineness of 
surface, is sufficiently smooth for arches of large bridges 
situated in the country. 

Arch-stones should not be built in cément which 
sets quickly, as dislocations are liable to occur, when 
centres are released, from unequal settlement in différent 
portions of the arch. It is not désirable the whole of 
an arch-ring should be rigidly set previous to the 
removal of the centres, as some settlement must, and 
should, take place when the masonry joints are subjected 
to the full pressure caused by the increased weight upon 
them. Extrême rigidity is to be avoided during the pro- 
gress of construction of an arch. For this reason bridge 
arches built of concrète are not.regarded with favour. 

The arch-stones of small bridges should be prepared 
in a similar manner to those above described. 

Masonry arches are seldom constructed of spans ex- 
ceeding 70 to 1 20 feet, owing to the enormous weights, 
and masses, of the masonry required for such spans, and 
the magnitude of the centres needed to support the arches. 
Wider arches hâve been built, such as those given in 
Chapter XI. under the head of 7, Span, 
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III. 

FAILURES— REMEDIAL MEASURES— SUPERSTRUCTURES— 

FOUNDATIONS. 

Failures, — ^The causes whichordinarily lead tp the failure 
of masonry bridges hâve been described in Chapter XL, 
Masonry Bridges, Bridges may and often do fail owing 
to weak and faulty design of one or more parts of their 
structure ; but the commonest cause of failure lies in 
defective exécution. A well designed bridge may fail 
from bad workmanship, consequently a weak design if 
badly carried out is not calculated to win a monumental 
character. 

A failure is often very instructive, and valuable on that 
account. It is extravagant to overload bridges with 
useless masses of masonry, and, on the other hand, it is 
not economical tobuild them too weak to stand. Failures 
therefore practically proclaim the limit between the two, 
and a complex theory is subjected to a practical check. 
A failure, if only partial, or threatened, pro vides the op- 
portunity for the exercise of engineering ingenuity in 
devising the remédiai measures which should be applied 
in view, if possible, to give the structure the stability it 
did not originally possess. 

When a partial failure occurs, it is essential to the 
success of remédiai measures that the cause should be 
fully ascertained. This is not always as easy to accom- 
plish as might be imagined when dislocations make their 
appearance in certain parts of a bridge, such as in the 
arches and upper superstructure transversely, and the 
abutments, piers, and wings, show no signs of decay. 
Wing-walls sometimes give outward signs of local settle- 
ment, the outer ends of such walls having, for reasons 
already fully explained in Chapter XL, become dislocaled 
from their larger masses nearcr their abutments. But 
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such dislocations hâve often little or no connection wîtb 
the arch-cracks referred to above. 

When arches crack longitudinally, the cause of faîlure 
is usually inhérent in the arch itself, provided the arch is 
not the one next to the abutment, and there is no droop- 
ing developed in the stringsand courses of masonry in the 
cut-waters of the piers. If the prers supporting a cracked 
arch are sound, the crack originates in the want of bond in 
the arch-stones, and this want of bond is usually displayed 
in the line of joints between the facing, and hearting, 
voussoirs. In such cases it will be found that the facing- 
voussoirs do not tooth well into the interior work, Care 
may hâve been taken ta give the facing voussoirs a good 
length on the soffit ; but this length is ol less importance 
than that the break of bond between the facing-voussoirs 
and the hearting-stones should be the best possible with 
the stone employed. Longitudinal arch-cracks originate 
at the time the arch centres are removed, although they 
may not develop themselves perceptibly until the bridge 
has been some time completed, and has been subjected 
to the vibration caused by the passage of heavy loads. 
Cracks of this description are often concealed by point- 
ing from below, and this process may be foUowed for a 
considérable lime without observation. The remedy how- 
ever is of no permanent avail ; it, in fact, rather tends to 
increase the evil, as the inserted mortar or cément does 
not penetrate through the arch, but acts as a wedge 
between the lower edges of the two parts, and the vibra- 
tory effects produced by live-loads act on one side, and 
outwardly. The treatment required in this case has 
already been given in Chapter XL, under the heading of 
Voussoirs. 

If the failing arch be next the abutment, the latter 
shvould be carefully examined, to see if the longitudinal 
arch-crack is continued down its face. If the abutment 
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shows no sign of failure, the crack has been caused in 
the manner already described. If however the crack 
can be traced down the face of the abutment, then the 
évidence is clear that the abutment has become dis- 
located, and that the dislocation has been communicated 
to the arch resting upon it. 

The case has now been brought down to the point 
where the transverse cracks in arches, and a longitudinal 
crack in an abutment arch, hâve their origin below spring- 
ing level. The transverse cracks through arches are, 
however, usually confined to the two arches of a bridge 
next to the abutments, or to abutment piers. When 
arches are in equilibrium, the transverse cracks through 
the superstructure occur through the spandrels over the 
piers. Transverse cracks are due to the falling away 
of the abutments arising from weak abutments, yielding 
foundations, or from the weight of wing-walls, insecurely 
founded, rending by their leverage the abutments to which 
they are bonded. An abutment, falling back as it were, 
causes the first transverse dislocation to occur at the 
haunch of the arch next to it. The whole arch follows the 
receding al)utment, and the next transverse crack makes 
its appearance through the spandrel walls over the first 
pier. The transverse cracks probably continue to show 
themselves over each pier through each spandrel, the 
widths of the fissures diminishing with their distance 
from the yielding aUutment. 

It is évident, therefore, that an abutment may give way in 
two directions, it may become dislocated and show vertical 
or diagonal fissures on its face, causing a longitudinal 
crack through the first arch, or it may incline slightly 
backwards, causing transverse dislocations through the 
haunch of the first arch, and through the spandrels over 
one or ail of the piers. 

Wind has such an effect upon a plumb-line, that when 
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a bridge is lofty, and the facingwork is rough or rusticatecî, 
it is not always possible to detect an inclination from the 
vertical on a first cursory examination of a bridge sufficient 
to account for transverse dislocations in the upper super- 
structure. A stone-masonry bridge of several arches with 
transverse dislocations between each has shown no out- 
ward signs of failure which could be detected by the eye, 
and plumb-line. 

When the upper superstructure tran s verse-cracks men- 
tioned hâve made their présence known by openings 
appearing through the parapet walls of the road-way, or a 
longitudinal crack appears in the first arch of a séries, 
a thorough examination is needed of the condition of the 
abutment at its rear face. Excavations should be made 
first on one side and then on the other, if traffic is to be 
permitted to continue, or on both sides at once if the 
bridge is closed, in order to examine the condition of the 
abutment at its junction with its wings. Splayed-wingSj 
which very commonly hâve a batter on their faces, may 
be pushed forward by the bank of road-way and cause 
broad fissures at their junction with abutments without 
the face work showing any signs of such movement. 
An examination of the back of an abutment will, however, 
soon disclose the nature of the mischief which may be 
expected to déclare itself in large vertical fissures. 

The failure of an abutment may be caused either 
by the instability of its wing-walls or by the insecurity of 
its own foundations. The instability of wing-walls means 
either their want of strength to resist the pressure of the 
road-way bank, or yielding foundations. The whole of the 
masonry work may hâve heeled over on its foundations, 
but the usual cause of failure is to be looked for in the 
design and construction of the wing-walls. This subject 
will be found fully described in Chapter XL, under the 
heading of Wing-walls, 
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When an abutment of a bridge bas become dislocated 
transversely, and vertical fissures appear on its face and 
longitudinally through the first arch near the facing- 
voussoir ring, the damage having been occasioned by a 
defeclive wing-wall, the danger to the bridge is slight in 
comparison to its danger when the whole abutment has 
yielded rearwards, and the transverse cracks already 
described make their appearance through the parapets, 
and spandrel, walls. In this case the danger to the 
structure is imminent. In the first case there may be 
ample time to shore up, and to build new work against 
the old to keep it in its place ; in the latter case, the life 
of the bridge is a question of days or of hours. Wedges 
in the cracks of a bad case may show a daily movement 
in the mass of the superstructure and arching ; no time 
must, therefore, be lost, after the first appearance of 
transverse cracks, in the application of such remédiai 
measures as may be calculated to be the most efficacious, 
if not the most permanently effectuai. 

Remédiai Measures, 

Superstruclure, — When an abutment has receded, from 
whatever cause, it is very improbable that a new abutment 
can be substituted in its place. It is not impossible that 
such a remedy could be applied, but the proceeding would 
involve the necessity of the érection of a centre under the 
first arch, and one so strong and tightly set up against 
the arch as to prevent any extension of the longitudinal 
movement of the upper superstructure. This course could 
be followed if the failing symptoms displayed themselves 
at the time of construction when the centres were still in 
situ after release from the arches, or if the centres were 
ready at hand available for immédiate re-erection. In 
such case the first arch might be re-supported on a 
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centre, and the half arch and abutment be removed for a 
reconstruction* 

But should the dislocations only show themselves after 
a considérable lapse of time, it might be impossible to 
procure at once a centre of the span required, and to set 
it up expeditiously when the river was in flood, or evén 
when at ordinary level. With wedges loosening in the 
bridge fissures every few days, such symptoms require 
very energetic treatment. The object then must be to 
stay the movement of the old abutment by placing extra 
weight in its rear. The back of the abutment should be 
laid bare, and as the excavation proceeds, timber-shores 
should be set up from the rear face of the cutting into the 
embankment against the top of the abutment. As soon 
as the excavation has been made to a sufficient depth, 
and it would not be necessary to go down to the sub- 
stratum on which the bridge is founded, the floor of the 
excavation should be sloped upwards to the rear from 
the abutment, and a massive concrète buttress with a 
rear batter of i in 4 or 5, be built up against it. Such 
work can be carried on with expédition, and as the 
centre of gravity of the concrète buttress would fall 
nearer its toe than its heel, its inclination in case of 
settlement would be towards the abutment. Such work as 
has been described would probably in most cases be 
more speedily accomplished than any other plan. The 
method recommended has been adopted in several in- 
stances with success. 

When an abutment has been torn asunder either by 
the failure of its own foundations, or by the leverage of 
its wing-walls which hâve been of insufficient strength 
to resist the pressure of the road-way bank, or hâve been 
insecurely founded, the necessity of outward support from 
an external buttress is indicated. Such a buttress should, 
of course, be carried down to a firm substratum, or be 
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founded on piles, and the exterrial form of the buttress 
should be deslgned as a sightly addition to the bridge. 
This may be effected by the adoption of the formof wing- 
wall described in Chapter XL, and illustrated in Plate 
XVI., Fig. 3. 

When side support may hâve been given to an abut- 
ment which has become dislocated near one or both 
sides, the longitudinal-cracks in the abutment arch 
caused by such dislocations should be attended to. If 
the cracks are not wide, and are near the facing- 
voussoirs, they should becarefully cleaned out from above, 
the road-way being opened for the purpose ; and the 
cracks should be fiUed through with cernent which has 
adhesive properties. If the openings are of any great 
width, the parapets should be removed and the outer 
portions of the arch be renewed. If the cracks are near 
the centre or middle centres of the arch, the whole arch 
should be reconstructed. 

Foundations, — There are two methods of treating 
failures of foundations. 

Walls give évidence of settlement in their foundations 
when cracks, sometimes very minute, make their appear- 
ance following the joints of the masonry. If there are 
arçhways in the walls, minute fissures first make their 
appearance through them and running up the wall above. 
Walls hâve necessarily less strength laterally through 
their arçhways than where the walls are solid. 

Settlements in masonry walls will seldom occur 
excepting as the resuit of yielding foundations. It 
is not an easy matter to construct the masonry 
walls of a properly designed building so that they will 
fail through inhérent defect in their own constitution. 
On the appearance, therefore, of cracks in the walls of a 
building, or bridge, it may almost invariably be right to 
assume a failure below ground. Excavations in différent 

46 R 
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places to the bottom of the footings of the walls willt 
reveal one of two facts : — either the foundations hâve 
not been carried down to a firm substratum or support, 
or in the absence of such substratum the foundations 
hâve insufïicient width for the proper distribution of the 
weight of the walls over a sufïicient area of ground. 

Supposing, therefore, as is most likely, the masonry 
has no inhérent defects tending to produce its own dis- 
solution, the appearance of unequal settlement in the 
foundations, causing dislocations above, shown by cracks, 
should not lead at once to a gênerai condemnation of the 
structure. 

There are two methods to be employed in an attempt 
to secure the stability of a building, or work, failing 
from the causes above named. Which of the two should 
be adopted in any particular case will be determined 
according to which of the two facts mentioned pre- 
vails. 

ist method. — If the foundations hâve not been carried 
down to a firm substratum underlying the softer soil, 
the process termed under-pinning will be adopted. This 
process consists in excavating the soil from beneath the 
foundations down to a firm stratum in short lengths, and 
building up with good masonry between the two ; or, in 
excavating in the same manner at certain distances apart, 
building up masonry pillars to connect the walls with the 
solid ground, and then gradually building up walls be- 
tween the pillars until every portion of the structure has 
been supported. 

ind method. — If there is no firm stratum below ground 
with which the insufficiently founded walls can be connect- 
ed, a second method should be followed. It is of no 
avail to sink the footings deeper into the ground* What 
is needed is to extend the bearing surface over a larger 
area of ground. This can be effected as follows : — the 
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walls should be embraced on eai5ïi side by new wall» 
formed of concrète, thus : — 

LIGHT W*LLS. HEAVY WALLS. 




The excavations on each side of tlie narrow wall should 
be carefully eut, either perpendicular, or if the soil will 
stand and the depth be not very great, slightly over- 
hanging. The excavations, whîch should be 2^ or 3 feet 
in width, should be made in short lengths according to 
the size of the building, anâ be filled in with good concrète 
well rammed. It ïs important the concrète work should 
completely fiU the excavation, the latter should therefore 
be made no wider than that desired for the concrète. 

With heavy bridge- masonry the concrète walls should 
be made in thickness proportionate to those to which they 
are to be attached. 

Concrète walls of this description adhère closely to 
the foundation walls, which are usually rough on the sur- 
face : the effect of friction is complète, and the old walls 
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obtain the support of the additional ground included 
below the concrète walls. A double or treble bearing 
surface can be thus obtained. 

This method of supporting walls is one of very simple 
exécution, and very much easier to carry out than the 
under-pinning of walls. The excavations are open to the 
surface like those originally made, and they are filled in 
without any difficulty. 

It is, of course, advisable to carry the concrète walls 
down to any more solid stratum which may exist below 
the walls than that originally built upon. 

Where under-pinning work would be dangerous, the 
concrète wall system may be adopted with safety. 

This System of restoration recommended for adoption 
under certain circumstances has been carried out with 
complète success to many heavy buildings, and bridge 
Works. 
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CHAPTER XIII. 



OBLIQUE OR SKEW-BRIDGES. 

I. — General Observations. 

II. — ^To DESIGN AN Oblique-Arch without Calculations — Remarks. 

III. — To design an Oblique-Arch with Calculations. 

I. 

GENERAL OBSERVATIONS. 

Skew-BRIDGES are seldom needed for roads, or rall- 
roads, in a country where the engineer has full liberty 
in the sélection of his line. They are more often a 
necessity with railroads than with roads, as the latter may 
be made to turn as often as need be, while the former 
cannot deviate in like manner from its straight reaches, 
and large curves. Skew-bridges are usually required in, 
and near, towns where there is no choice of ground, and 
new Hnes of road or railroad are forced to cross canals, 
streets, and roads, at acute angles. Nevertheless, they 
cannot always be avoided in the country, though engineers 
will generally do their best to escape the necessity for 
their adoption. When a line of road is obliged to be 
carried parallel to a stream, and close to it having to 
cross it, a skew-bridge is scarcely to be avoided. In 

«ch case the only point requiring attention is to make 
e angle of skew as obtuse as possible. 
Skew-bridges are proportionally more costly than 
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square-bridges, as they contain more masonry : they aiso 
require greater care, and attention, in construction, which 
means enhanced cost. Engineers are therefore wise to 
eschew the construction of oblique-bridges wherever it is 
possible to do so. 

With small streams flowing in rocky beds, or with a 
hard substratum near the surface, it is sometimes practi- 
cable, when the angle of intersection between a stream 
and road-way is very acute, to tum the stream to flow 
through the form of the letter S, and to pass the road- 
way of the bridge or culvert square across the centre of 
the artificial double-curve. The flow of the stream is 
in such case directed through the arch, or arches, by 
the forms of the bridge wings. The wings should be 
built quadrants of circles with the same, or nearly the 
same, centre on each side. They thus form concentric- 
curves. If the adoption of the S figure will not produce 
a square-bridge, it will greatly reduce its obliquity. 

When the angle of skew is but a small departure 
from the square, it is not necessary to build the arch 
on the skew principle. Although the angle of repose 
of newiy constructed masonry varies from 2$)^^ to 36^®, 
it is not advisable to adopt the square principle in 
oblique bridge building .to so great an angle. When 
the angle of skew which a bridge makes with a stream 
is less than 78^ or 8o^ that is, exceeds 10®, or 12®, off 
the square, the square principle should be abandoned in- 
favour of the skew principle of arch-building. 

Oblique-bridges can be built on the square principle 
by dividing the arches into a number of rings, each built 
separately, side by side. This is but a clumsy expédient, 
and does not give a solid arch, as each ring springs in a 
plane in advancè, or in rear, ôf its neîghbour. This 
method is sonfètimes useful in domestic architecture, but 
is not well adapted for bridges. 
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With small waterways the construction of drains on the 
skew présents no difficulty if covered with slabs, The 
piers are built obliquely at the required angle, and the 
slabs, excepting near each face of the drain, are laid 
across at right-angles in the usual way/ The end slabs 
hâve only to be made longer than those in the centre, 
and to be broader at one end than the other. {Fig. i , 
Plate XVI IL) 

If skew-arches are to be built of fine cut-stone, it is 
necessary to plan out every portion of the design. De- 
velopments of the intrados, and extrados, of the arch-rings 
must be drawn out on a suitable scale, and templates of 
the spiral-shaped voussoirs hâve to be prepared. Ail the 
minute détails of an intricate and scientific mechanism 
hâve, in such case, to be carefully investigated, drawn 
out, and even modelled. But, for ordinary country road 
bridges this extrême refinement is unnecessary. Oblique- 
arches of ample strength can be built withoutany difficulty, 
and without any extraordinary knowledge, and ability, 
on the parts of those who usually superintend the con- 
struction of road-works. Oblique-bridges can also be 
designed without any mathematical calculations, in 
the manner now to be described. So long as the leading 
principle of the construction of oblique-arches be fully 
understood by the engineer, clerk-of-works, and leading 
workmen, and is carefully observed, very excellent 
oblique-arches can be tumed out which would not fulfil 
with complète accuracy the niceties of form in the détail 
of parts to which the mathematician is able to reduce 
them on paper. 

The leading principle referred to is, that the courses 
of voussoirs composing the arch should be laid, not as in 
square- bridges parallel to the abutments, butperpendicular 
to the faces of the arch. In square-arches the voussoir- 
courses are both parallel to the abutments and perpendi- 
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cular to the faces of the arch ; but as the plan of an 
oblique-arch is not a rectangle, but a rhomboid, the faces 
of an oblique-arch form two acute — the angle of skew — 
and two obtuse angles, with the abutments. 

II. 

TO DESIGN AN OBLIQUE-ARCH WITHOUT CALCULATIONS— 

REMARKS. 

LetABj and CD {Plate XVIL) represent the abutments 
of the proposed arch, which has an angle of skew of 55* . 

Then AD, BC are the oblique-faces of the arch. EF = 
Bd is the perpendicular distance between the two abut- 
ments, and is therefore the chord of the .arch on the 
square-section. 

Bisect EF at 5, and draw a perpendicular to EF 
through S, 

From any point O in the perpendicular as a centre, 
and with radius OF describe the arc/r/^,*and continue 
the curve on each side until the semi-circle GIH is com- 
pleted. The centre O may be taken so that 5/, the rise 
of the arch, in this example \ EF^ may be any desired 
height. FIE is the intradosal line of the arch on the 
square-section. 

Let IK be the thickness desired for the arch at its 
crown, and complète the semi-circle hKg. 

At any distance from AD draw LM equal, and parallel 
to, AD, Bisect LM at y, and draw a perpendicular to 
ZJ/ through the point K On this perpendicular make 
YX equal to 5/, and YZ equal to SO, 

Then LM is the chord of the arch on the oblique- 
section, and the arch, which is ellipticalas it is an oblique 
section of a cylinder, will pass through the points Z, X^ M. 
Produce the perpendicular ISO until it cuts BC in two 
equal parts at T, Also draw G;;, gq parallel to ABE^ y, 
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and n, being points of intersection of thèse lines with BC 
produced. 

Make ZiV, NQ, equal to Tn, nq, and ZP equal to ZN. 

Then NZP is the major, or transverse, axis of the 
ellipse which will pass through the points N^ Z, X^ M, P. 

From the point ^ as a centre, and with a radius equal 
to ZP^ describe an arc cutting ZP and ZN at R, R. Then 
R^ R^ are the foci of the ellipse. 

From the foci R R^ and with a string for radii the ends 
fastened at R R^ and the string reaching to X^ describe 
the semi-ellipse NLXMP, Then the curve LXM so 
drawn will be the intrados of the arch on the oblique- 
section. 

From X set off the thickness Xx of the arch at its 

crown equal to IK, Then the extrados of the arch will 
be an elliptical curve passing through the points Qxp. 

From ;v as a centre and radius equal to ZQ eut the 
transverse axis QZp at the points r, r. Then r, r will 
be the foci of the ellipse of the extrados of the arch. 

From the foci r, r, and with a string for radii, the ends 
fastened at r, /', and the string reaching to at, describe the 

semi-ellipse Qxp. 

On ABCDj the plan of the arch, draw BV perpendi- 
cular to AD. From V draw VW parallel to AB, cut- 
ting LM at Wj and draw Ww parallel to YX^ cutting 
the curve of the arch intrados at w. 

Now, on a large plan, or full size drawing on the 
ground, of the oblique elliptical arch-curve, divide the 
intrados curve into any number of equal parts, so that each 
part may be as near as is possible equal to the width it may 
be desired to make the facing-voussoirs, and arch-courses. 
Suppose the equal spaces so marked off to be represented 
by the figures i, 2, 3, 4, 5, 6, 7, 8, 9, 10. 

Let fall perpendiculars upon the chord LM from the 
divisional points between the voussoirs, and transfer the 

47 R 
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distances so obtained on the chord from LiolVioAtoV 
on the plane ABCD. 

It will be observed that Ww does not fall exactly to 
a voussoir-division of the arch. The point w falls within 
the 9th facing voussoir. For a reason to be presently 
referred to let it be supposed that w coïncides with the 
first voussoir-division between it and the springing of the 
arch. w thus joins the joint between the 8th and gth 
arch-stones. 

BV was drawn perpendicular to AD, and if ail the 
arching-courses were to be buîlt parallel to BV, it would 
at first sight appear as if the leading principle to be 
observed in the construction of oblique-arches would be 
correctly followed in this example. But ABCD is the 
plan of a flat horizontal plane passing through the chord 
of the arch, and it is desired to deal with it as if it was 
the plan of the curved arch-intrados. 5 F will not truly 
represent a perpendicular from the arch-face AD cut- 
ting the springing line at B, A true perpendicular will 
fall inside V towards A, For this reason Ww is taken 
to the joint between the 8th and çth arch-stones. 

There are 8 facing-voussoirs now between L and w, or 
A and Vy and the springer at B is to direct its arch- 
course to the 8th voussoir on the arch-face. As each 
springer is to send an arching-course up to the arch-face, 
and there are 8 voussoirs in the face, it foUows, that the 
springers on the abutments must be eight in number. 
They will also be equal in width. 

Therefore, divide AB into eight equal parts, and 
from each division draw lines parallel to AD or BC, 
Also from the divisional points of the arch-stones, i to 8, 
draw lines parallel to AB. 

Join the end of the first springer to the fîrst joint between 
the arch-stones i, and 2. Join also the second springer 
to the second joint between the arch-stones 2, and 3, and 
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so on until B is reached, being carefui to draw the Unes 
through the intersections of the Unes parallel to BC^ and 
AB, The last springer at B will be joined to v^ the 
joint between the 8th and çth arch-stones on the arch- 
face AD, 

It will be found that the lines drawn as above detailed 
are not straight, but curved lines. Thèse lines represent 
the directions of the arch-stone courses. They appear, 
on plan, owing to the arch-curve, to be thicker at the 
springing than at the face: they are really equal in 
width. 

Oblique-arches hâve no key-stone course common to 
both faces. It is immaterial whether the arch-ring is 
divided into an even, or uneven, number of voussoirs. In 
this example the number of voussoirs is 19, so the tenth 
voussoir is in the position of a key-stone. 

The reason why w was taken to join the voussoir- 
division towards the springing, in préférence to the vous- 
soir division towards the crown, will be understood when it 
is mentioned that ABCD is the plan, not the development, 
of the arch, which means the arch-curve laid fîat. The 
perpendicular BV on the plan of the arch thus falls be- 
yond the point in the arch-face it would reach if it was 
drawn on the arch-development. 

The curve being elliptical, the ordinary practice of 
making the arch-courses radiate in lines perpendicular to 
the tangents to the curve may be adopted. Thus Ll 
bisects the angle RLR^ and gives the radiating angle of 
the springer mlL, 

This radiation of the arch curve is not considered to be 
mathematically accurate ; but it is practically sufficiently 
correct for arches not of first-class size> or importance. 
The scientifically accurate radiation will be described 
in Section III. 

The skew-backs or springers are shaped after the foU 
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lowing manner: — the width of the skew-backs or springers 
on the abutment has been determined in the manner 
already described. Thèse skew-backs (^Figs. 2, and 3, 
Plate XVIII!) hâve eight sides. They are in form double 
right-angled triangular prisms ABC abc (^Fig. 2), and 
AFa CfCy joined together on the common hypoté- 
nuse plane AacC (Ftg. 3). Their bases and backs 
are rectangles : they hâve two faces at right-angles to 
each other, which are rectangles. The faces BbcC, 
DdeE {Figs, 2, and 3), are those against which the 
arch-courses abut: the faces AahB^ CcdD^ which 
are shaded, are those from which the first stones 
of the arch-courses spring. The lines Aa^ Bb, Cc^ 
Ddy ESy which bound the rectangular face-planes, are 
set off so as to radiate with the oblique-arch, the 
angle FAa being made equal to the angle mLl^ in 
Fîg^ 3, Plate XVII. The angles ABC, CDE are 
right-angles. AB is set off equal to the thickness 
of a facing voussoir of the arch. To accomplish this 
practically, on AC {Fig^ 3, Plate XVIIL^ describe a 
semi-circle ; set off AB as a chord, and join BC. 

The triangular ends of the facing prism of the skew- 
backs ABC y CDE y are portions of the soffit of the arch. 

The facing-voussoirs hâve also to be specially shaped. 
Although they hâve the same width, the angle formed by 
their vertical faces, and sloping sofiîts, differs for each 
voussoir on one face. The readiest method is to measure 
this angle off the centre of the bridge when set up in 
position. 

The inside voussoirs forming the hearting of the arch 
may be eut like those of any ordinary arch. Their sides 
radiate to the elliptical-curve, and their ends are rect- 
angular, or nearly so, when dressed perpendicular to the 
curve of the centre on which they are laid. 

Remarks, — The description given above comprises the 
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design of an oblique-arch without calculations. There 
are a few points to which attention may be directed in 
the practical exécution of a work of this kind. 

Supposing the abutments and piers of a skew-bridge 
to hâve been built, and the centre for the support of 
the arch to hâve been set up, a segment of a cylinder 
in square section, and a segment of an elHpse on the 
face. Before the skew-backs are eut, it is well to test 
the direction to be given to the arch-courses. The 
facing-voussoir widths should be carefully marked off on 
the arch face-line drawn out carefully over the wooden 
centre. If a flexible right-angle with a long arm, either 
of wood or iron, be applied to the joint of the facing- 
voussoir, the joint between the 8th, and çth stones, {Fig. 
I, Plate XV IL^ as the point Ffalls beyond the joint it 
would approach if the soffit of the arch was developed, 
it may be found in practice — the rise of the arch affecting 
this matter— that the right-angle if applied to an adjacent 
joint, such as that between the yth and 8th stones, givesa 
perpendicular direction towards B more closely approach- 
ing that point than the line from B to the 8th joint. 
In such case B should be joined to the yth in place of 
the Sth joint. If any change is made in the joint to be 
joined to the obtuse-angle B^ care must be taken to divide 
the abutment into the same number of springers as there 
are arch-stones between the acute-angle and the joint. 

When this point has been settled, the lines parallel 
to the abutments joining the facing-voussoirs and the 
lines from each springer parallel to the faces of the 
arch shownon the plan (^Fig. i. Plate XVII!) should be 
drawn on the bridge centre. The apex of the arch 
from T parallel to the abutment AB should be divided 
similarly to the abutment, and the points be connected 
by lines. 

As the arch coursing-lines drawn from the springers 
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to the facing-voussoir joints through the intersections of 
the cross parallel Unes are not straight, but curved, thèse 
Unes are best ruled with f , or ^, inch rod iron which is 
flexible, but sufficiently rigid for the purpose. 

The coursing soffit-lines having been ruled, the skew- 
backs eut to form, and set up in position, the arch-work 
can be commenced at the acute-angles. The first facing 
voussoir is the first skew-back ; the second facing-voussoir 
is the single stone 2 on the plan {JPlate XVII.) The next 
stone set is the springing stone of the arch-course 3. This 
stone should not hâve its cross-joint on the ruled Une, but 
should break joint with the voussoir 2, the face-stone 3 
being of shorter length. The springer to course 4 should 
next be set, and another stone in the same course. The 
arch-ring should thus be built up from i to -5 8. 

As the voussoir 9 is near the apex of the arch, and the 
first facing-voussoir at B is at springing-level, the course 
from B to g slopes up on a curved line. As the facing- 
voussoir at -5, particularly if the rise of the arch be con- 
sidérable, would be liable to fall ofï the centre, the lower 
facing-voussoirs at each obtuse angle of the arch require 
exterior support. Thèse lower faces should be shored up 
while the arch is under construction. When the centre 
is released on the completion of the arch, the weight of 
the arch itself, acting in a direction perpendicular to the 
coursing-joints, keeps the facing-voussoirs in position. It 
is, however, advisable to cramp, or joggle, the lower 
stones together, and to those above them, at the obtuse- 
angles. 

Oblique-arches should not be built of complète semi- 
circular form on the square-section. They should be 
segmentai only, wîth a rise not exceeding one-third the 
span. 

It is not necessary to dress the backs and upper 
triangles of the skew-backs to a greater précision than is 
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required for their connection with the abutment masonry 
in rear. 

The abutments should always project beyond the 
arch, that is, hâve a greater width {Plate XIX). This 
extra width adds to the security of the masonry at the 
corner skew-backs, and besides allows the abutments to 
hâve rounded angles in place of two obtuse, and two 
acute, angles. 

Oblique-arches can be built at any angle of skew. The 
flatter the arch the better, consistent with the strength of 
the materials. Arch rises of one-third, to one-fifth the 
span on the square-section which would give the oblique- 
section rises of nearly one-fourth to one-sixth, are 

suitable. 

III. 

DESIGN OF AN OBLIQUE-ARCH WITH CALCULATIONS. 

Given, Plate XX. ; 
ÂB the square span of the arch = 20 feet. 
NE the rise of the arch = 5 feet. 
ACDH the plan of the arch. 
AH, CD the abutments of the arch 20 feet apart. 
The angle HAC ^ ACB ^ ^^^ B the angle of skew. 
CL the width of the arch = 27 feet. 
EM the depth of the arch-ring = if feet. 

Then 
Oil = OjÊ' = radius of curve of arch on square section. 

=^ (NE + N,^ = L (NE + ^) 

= Us + x) = V = '^^ ^'''• 

ON = I2i — s = 7i feet. 

I 10 

Sine - arch = sine AOE ^-^ = -8 = sine S 3° f 48" 

Whole arch AOB z=, 106° 15' 36" 

Then length of circular arc AEB 

= 1-8545868 X 12-5 = 23-082335 feet. 
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Produce AB to F^ makîng BF = AEB. Join CF^ and 
draw F G and DG parallel to CD and CF. 

Divide the arc AEB into any number of equal parts, 
and BF its projection into the same equal parts. Pro- 
ject the equally divided points on AEB on AChy means 
of Hnes parallel to AH, Draw lines from the points on 
AC and on BF parallel to AB and BC ; their points of 
intersection will be points in the curved S Une CF. 
Similarly the curved S line DG is obtained. 

Then CFGD is the flat development of the arch plan 
CAHD. 

Draw CK perpendicular to DG. 

Then the angle CFB = angle DCK = » 

AC ^ oblique span = AB cosec ^ 

= 20 X 1*2207 746 = 24-415492 feet. 
BC = obHquity of arch = AB cot B 

= 20 X 7002075 = 14 feet. 
CD = length of abutment = CL cosec. B 

= 27 X 1-22077 = 32-96079 feet. 

Tan BFC = tan /3 = f£= 14 — 

BF 2308233s 

= -5927184 = tan 30° 39' 
CF = FB sec. P ^ FB sec. 30° 39' 

= 23-082335 X r 1624607 

= 26*832298 feet 
DK = CD sin ^ ^ CL cosec ^ sin ^ 

= 32*96079 X •5098824 

= 16*8601 1 feet. \ 

Now, CFy and DG^ are to be dîvided into facing-vous- 
soirs of equal and convenient width. It is desired to 
hâve one voussoir in the centre of the arch, so let 33 be 
the number of voussoirs. 

Then the thickness of a voussoir 

^26:832298 =,.8,3099 feet. 
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CK is a perpendicular to CF and DG^ and is the line 
which cuts the Unes of pressure of the arch between the 
abutments at right-angles. As the arch-courses should 
be laid as nearly as possible at right-angles to the arch 
thrust, they will be laid parallel to CK. 

When DG is divided into 33 voussoirs, it is found that 
CK {^\\s within the 2ist voussoir and doser to the joint 
between the 2ist and 22nd voussoirs than to the joint 
between the 20th and 2 1 st voussoirs. The angle subtended 
between C/ST and C joined to the 2ist joint is so small 
as to be immaterial in respect of throwing CK out of its 
direction perpendicular to CF^ and DG. CA^is therefore 
moved through the inappreciably small arc intervening 
between its original position and the 2ist joint. 

It may, of course, happen occasionally that DG canbe 
divided into a number of equal parts of convenient width 
as respects arch-stones, and at the same time one division 
fall exactly at K ; but generally this will not be the case. 

As CK is moved to the 2ist joint, of course the 
distance DK is altered. The thickness of a voussoir has 
been calculated to be = "813099 feet, so DK corrected 
= Z)/è = 21 X '813099= i7'075 feet. 

Now the abutment CD must be divided into the same 
number of equal parts as there are facing-voussoirs be- 
tween D and k. There are 21 voussoirs between D and 
k, so the abutments CD and AH must be divided into 
21 equal parts. 

Hence -— = ^^^79 ^ ^g^gg^ f^^|.^ which is the 

length of each of the 2 1 skew-backs on the abutment CD^ 
from which the arch-courses are to spring. 

As the arch-face contains 33 stones, the 1 7th voussoir 
will represent the key-stone in the centre. There is of 
course no key-stone course in an oblique arch. 

In his valuable essay on oblique arches, Mr. G. W. 

48 R 
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Buck has explained, that if the intrados and extrados of 
an oblique-arch be developed, and their voussoir-joints 
determined, according to the pririciples he has laid down, 
it will be found that a pecuHar property is attached to the 
radiation of the voussoir-joints. In place of thèse joints 
being perpendicular to the tangents to the curve, and 
bisecting the angles formed by the lines drawn to the 
points in the elliptical curve from the foci, they meet in 
4 point below the axis of the cylinder. Not only does 
this property greatly facilitate the correct drawing of the 
voussoir-joints on the face, but by employing this radia- 
tion in place of that usually adopted with elliptical arches, 
mentioned above, if the joints of the voussoirs are made 
to radiate to the centre or focus, below the axis, 45^ is 
not, as is commonly supposed, the limit of obliquity to 
which it is safe to build an arch. 

The distance of the centre, or focus, of radiation below 
the axis is determined as follows : — 

In the example given in this section (J^late XX.^ Ftg. i), 
draw OQ making the angle POQ = 90° — 6 = 90° — 
55^ = 35^, and from the point P, at the extremity of the 
radius of the cylinder, plus the thickness of the arch, 
draw PQ perpendicular to OP. Draw PS making the 
angle QPS = /3 = 30° 39'. Draw QS perpendicular to 
PQ ; then QS is the distance of the centre, or focus, 
below the axis of the cylinder. 

In fig. 3, AC\s the chord of the segment of the semi- 
elliptical face of the arch. From O, the axis of the 
cylinder, draw OR on the minor axis = QS. Join RAy and 
produce it to a. Then Aa is the radiation of the first joint 
of the arch on its face, and aAb is the angle of the skew- 
back. Ail the joints in the arch-face will radiate to the 
focus at R. 

The distance QS {fig* i) = OR {fig. 3) may be ex- 
pressed as = (radius + arch thickness) cot B tan /3. 
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Therefore, in the présent example, substituting the 
values already found for cot. tan /3 : — 

QS = OR = i4i X cot. e tan ^ 

= Hi X -7 X 592718 
= 59 feet. 

This is the distance of the focus R below the axis of 
the cylinder, on the supposition that CK {fig, 2) falls 
exactly to a voussoir-joint. But in this example CA^does 
not so fall. It falls within the 2ist voussoir joint, and is 
moved to that joint. Consequently the angle ^ requires 
correction before it is employed in the above équation 
giving the length of QS. 

Let Dk (Jîg. 2) represent the corrected distance DK 
when moved to the 21 st voussoir joint. Join Ck by a 
dotted line. Then the corrected angle /swill equal the 
original angle /g, the angle DCK, plus the angle KCk 
= angle DCk. 



Now CK = vCZ?' — DK" 



= V(32-96o79)' — (i6-8o6i !)• 

= 28-35433 

And Kk = Dk — DK=. 1707508 — i6-8o6i i 
= -26897 

Kk _ '26897 
lan^CA- CA'- 2835433 

= 00948 = tan 32' nearly 

Therefore 
Corrected ^ = /3 + 32' = 30° 39' + o"* 32' = 31° ir 

Substituting the corrected value of /s in the équation 

QS = OR = (rad + arch thickness) cot BXajifi 
= i4iX7(-5927i + -00948) 
= I4i X 7 X 602 
= 6004 feet. 
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To obtain the angle of the skew-back bAa (Jig, 3), 
. LA ^^^ OR-\-ON 

- 6 + 7i _ 13-5 



244 1 5492 1 2207746 
2 

= 1-105855 = tan 47° 53' 

The principal parts of the bridge hâve now been deter- 
mined. The width of the facing-voussoirs is known, but 
their sofïit-angles will differ from each other. The 
intradosal-angles contained between the vertical-faces 
and the soffits of the arch-courses at the obtuse-angles 
C and H (Plaie XX., Fig. 2), will be less than a right- 
angle. Those at the acute-angles A and D will be 
greater than a right-angle. The angle of each facing- 
voussoir may be calculated, or be more easily determined 
by a projection made of each course in section on a large 
scale, or by measurement on the bridge centre, or from 
a model. 

No doubt in the construction of oblique-arches the 
axiom, that no stone in masonry work should be less 
than a right-angle, is not strictly to be foUowed. Never- 
theless, if the acute-angles are in any case considered to 
départ too much from a right-angle, the sharp angles 
may be chamfered by a single chamfer carried from the 
apex of each arch-face to the obtuse-angles of the 
abutments. 

The facing-voussoirs will, of course,, be made of un- 
equal lengths so as to bond well with the hearting of the 
arch. Their sides radiate to the focus below the axis, 
and their cross-joints may be made perpendicular to the 
curve on the spiral-course. 

The interior voussoirs of the arch will hâve their beds 
made to radiate to the focus below the axis : their cross- 
joints may be made perpendicular to the curve of the 
centre at their respective positions in each course. 
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Thus, thèse interior hearting-voussoirs will not in form 
differ from the hearting-voussoirs of ordinary arches ; for 
their cross- joints, excepting when fine dressed-stone is 
employed, will in practice be nearly parallel to each other. 
If an arch is built of fine dressed cutstone, then the 
cross-joints may be taken from the projection of each 
course in section, with the joints perpendicular to the 
curve. 

For further practical information, référence may be 
made to the remarks at the conclusion of Section II. of 
this Chapter. 



382 



CHAPTER XIV. 



COST OF BRIDGES. 

CosT OF Buildings estimated by Cubical Contents — System not 
APPLIED to Bridges — Bridges rated per Lineal Foot — Also 
rated per Running Foot of Waterway — Inaccurate Results — 
A System per Cubic-Foot of Voids recommended. 

Although the cost of buildings can be computed 
with toferable accuracy, and with great facility, by simply 
rating their cubical contents according to a recognized 
scale of classification, the same System bas not been 
adopted with respect to bridges. It is not impossible 
that the system might be made applicable to bridges if 
such structures were classified according to their spans, 
or waterways, and whether town or country bridges ; but 
if différent spans carried différent rates, the object sought 
from a comparison of cost would not be attained. There 
has certainly been a want of an a-ccurate system of rating 
the cost of bridges for comparison. Sometimes bridges 
are rated according to their cost per lineal foot : at 
others, by their cost per running-foot of water-way. This 
last System has, perhaps, been most usually employed. 
The results obtained by both methods hâve been unsatis- 
factory, and a very little considération will show that 
rates obtained by both the methods mentioned must 
prove worthless. To be of any value, estimâtes of cost 
of bridges per foot-run of road-way, or water-way, can 
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only corne into comparison when bridges differ in length 
only, other dimensions being equal. No comparison 
can be made between dissimilar things, consequently 
the rates per road-way, or water-way, of bridges of différent 
heights, and widths, cannot be brought on to comparison 
with any useful resuit. 

Any attempt to rate a bridge by its length for purposes 
of comparison must fail for the reason mentioned above. 
Besides which, such rating would be affected by the 
design adopted for the wings of a bridge, whether square, 
splayed, or returned. The length of a bridge would be 
affected by the form of its wings, although the cost of 
the three différent designs would be very much the same, 

It might, at first sight, be supposed that two bridges, 
one double the height of the other, might, taking the 
double height into account, be compared with each other 
as to cost per foot-run of length ; but the resuit would be 
inaccurate, because although the one bridge is twice the 
height of the other, it has only one foundation, and one 
road-way superstructuré. There would then be a set-off 
on account of the extra masonry in piers, and abutments, 
due to the increased height of the one bridge ; but thèse 
few points only show how such a System of comparison 
of cost must break down. 

Probably the fairest comparison of cost of bridges may 
be made in the foUowing manner, and the system is re- 
commended for Uial, if not for gênerai adoption. 

Arched'bridges, 

I. Calculate the areas of ail the water-ways between 
the horizontal springing-line and a line joining the bottom 
of the footings. 

Multiply the total area by the width of the bridge 
between and including the face-walls. 
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Divide the cost of the bridge by the total cubical 
contents, and the resuit is the rate per cubic-foot of way 
provided by a bridge under its arches to the bottom of its 
footings. 

* 

Girder-hridges. 

2. Calculate the areas of ail the water-ways between 
a high-fîood line taken 6 to 1 2 feet according to the size 
of the bridge below the bottom of girders, and a line 
joining the bottom of the footings. 

Multiply the total area by the outside width of the 
bridge. 

Divide the total cost of the bridge by the cubical con- 
tents, and the resuit is the rate per cubic-foot of way 
provided by a bridge under its girders to the bottom of 
its footings. 

For convenience sake the System may be termed the 
rate of cost per cuhicfoot of voids of a bridge. 

The examples in the following Table are given in 
illustration of the method of comparison of cost of bridges 
by the rate of cost per cuhicfoot of voids : — 
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TIMBER BEAM TABLES. 

Thèse Tables will be found to facîlitate the détermination of 
the dimensions of beams subjected to transverse, compressive, 
and tensile, strains. 

The Tables give the dimensions of well-proportioned beams in 
which the depth : breadth :: V2: i ; also depth : breadth :: V3 • ï« 
Beams with scantlings in thèse proportions are the strongest 
and stifîest which can be eut out of round logs. Thèse propor- 
tions are therefore very generally adopted in civil engineering 
construction. 

The scantlings given in the Tables advance by J of an inch, 
and they provide for beams from i| inches to 17 inches in 
breadth, and from 3 inches to 24 inches in depth. • 

A Table gîving the squares and cubes of numbers up to 24 with 
^ différences îs added, which will be found useful in determining 
the scantlings of beams. 

GOVIND BHICKAJEE FATAK, 

Public Works Department, Bombay. 

1879. 
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EXPLANATION OF THE TABLES. 

The Tables are arrangea in groups of figured squares having 
référence to the beam dimensions in the vertical columns on 
each side. The dimensions in the left vertical columns refer to 
the proportion of depth : breadth :; Vi : i. The dimensions 
in the right vertical columns refer to the proportion of depth : 
breadth :: V3 : i. In every square there are three lines of figures. 
The top line refers to the left hand dimensions, and the bottom 
line to the right hand dimensions. The centre line of figures 
is common to both top and bottom lines. The figures on the 
top and bottom lines in the first square of each section, which 
is always on the left hand side, give the product of the breadth 
and square of depth {b X d^). Those in the second square give 
the product of the breadth decreased by i of an inch and 
the square of the depth, or (b — J) d'^. The third square gives 
the product of {b — f ) d^y and so on, decreasing the breadth in 
each square by ^ of an inch until the breadth ^ = o. The depth 
remains the same (hroughout a section of squares to one division 
of the vertical columns. 

In the same manner the centre line of figures in the secjond 
square of each section gives the product of i of an inch breadth 
and the full depth, or i X d. Those in the third square give 
the product of f X //, and so on, increasing the breadth gradually 
in each square by ^ of an inch, the depth remaining the same, 
until the full breadth of the section is obtained. The figures on 
the centre line over or below the ciphers in the bottom or top 
.lines represent the product of {b X d) breadth and depth noted 
in the right and left hand vertical columns of the respective 
sections. 

The figures given in brackets in the right and left hand vertical 
columns of each section represent the product of breadth and 
the cube of the depth of the scantlings given for that section, or 
b X d^. 

USE OF THE TABLES. 

Case L — It is required to find the dimensions of a beam in 
the proportion of depth : breadth :: ^2 '• i, or depth : breadth 
:: ^2 : I, the sectional area of the beam beîng given. 

SI R 
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This case refers to beams undcr tensile, or comprcssivc, 
strains. The formula for finding the sectional area of the beaixi 
is : — 

by.d=A= y- (•) 

where A = sectional area perpendicular to the axis, in square 

inches, 

d = breadth of the beam in inches, 

ii = depth of the beam in inches, 

N = workîng load or strain in Ibs., 

F = factor of safety, 

y"i = résistance to tearing or crushing in Ibs. (Rankine). 

RULE I. — Search the centre line, below or above the ciphers, 
for a number equal to, or approximating, the given sectional area, 
and the section in which the number is found will give the 
dimensions of the beam in the left or right hand vertical columns, 
according to the proportion of depth to breadth in which the 
dimensions may be required. 

Example, — The sectional area of a beam is found by calculation 
to be 28 square inches, required the dimensions of the beam. 

The figure 28 is found on the centre line below the ciphers 
of the section giving the scantlings 6^' X 4^' in the left hand 
vertical column, which will be the dimensions of the beam in the 
proportion oi d , b \\ V2 : i. The same number is also found 
on the centre line above the ciphers of another section giving. 
the scantlings 7' X 4' in the right hand column, which bear the 
proportion ol d: b W V3 • ï- 

Case II. — It îs required to find the dimensions of a beam in 
the proportion of d\ b :: \/2 *• i, or d: b :: V3 : i; the value of 
b y^ d'^ being obtained by calculation. 

This case refers to beam under transverse strain. The formula 
for fînding the dimensions of the beam necessary for strength, 
is : — 

* X <^ = ^ (a) 
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Where b = breadth of the beam in inches, 
d = depth of the beam in inches, 
M = greatest bending moment of the beam, the values of 

which are given below, 
F = factor of safety, 

/ = modulus of rupture of the material of which the beam 
is to be made in inch-lbs. 
The foUowing values of M are those usually occurring in 
practice. 

Values of M, 

(i) Beam fîxed at one end and loaded at the 

other Wl 

(2) Beam fixed at one end and uniformly 

loaded Wl 

2 

{3) Beam fîxed at one end and loaded at the 

centre , — 

2 

{4) Beam fixed at one end and loaded at any 
point at a given distance m from the 
point of support Wm 

(s) Beam fixed at one end loaded both at 

the end wîth a weight W^^ and uniformly ^ 

withaweight W {W^+^l 

(6) Beam supported at both ends and loaded j^. 

in centre ~ 

(7) Beam supported at both ends and uni- rry 

formly loaded g* 

(8) Beam supported at both ends loaded with 

a weight Wy^ in centre, and a weight W 
uniformly distributed 

(9) Beam supported at both ends and loaded 

at any point at a distance m from any rt^^ // ^\ 

one of the points of support / 

(10) Beam fixed at both ends and loaded in ^rl 
the centre ~8 

(n) Beam fixed at both ends and uniformly Wl 

loaded 12 



(-.+^)-: 
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Values of M, 

(i2) Beam fixed at both ends loaded with a 

weight W^ in the centre and a weight 

JF uniformly distributed {Ky-\-^ i 

2 3 4 

(13) Beam fixed at both ends and loaded at 

any point at a distance m from any one 

of the fixed points ' 

Note. — / and m are in inches. The loads in Ibs. 

RULE II. — Look on the top or bottom h'ne in the fîrst square 
of a section, for a number equal to, or approximating, the given 
value of i X d^^ and the scantlings found in the left or right 
hand vertical column of that section will be the dimensions of 
the beam in proportion to either d\b \\ V2: lyOxd.bW V3: I. 

Example. — Suppose the value of bd'^ is 825 ; required the 
dimensions of the beam. A number 82687 approximating to 
825 is found in the fîrst square on the top lîne of the section 
giving the dimensions of the beam 10^ X ^\ inche^s in the left 
hand vertical column, which are in the proportion of V2 : i. Also 
82265 is found in the first square on the bottom line of another 
section giving the dimensions i\\ X 6^ inches in the right hand 
vertical column, which are in the proportion of v'3: i. 

Case III. — It is required to find the dimensions of a beam in 
the proportion oi d\ b \\ hj~2 : i, or d\ b W V3 • i> the value of 
b X d^ being obtained by calculation. 

This case refers to beams under transverse strains, and the 
gênerai formula for fînding the dimensions of the beam necessary 
for stiffness is (Rankine) ; — 

*^ = EV ^^^ 

where b = breadth of the beam in inches, 
d = depth of the beam in inches, 
W = total load, 
c = total length in beams fixed at one end, and half the 
length in beams supported at each end, in inches, 
£■ = modulus of elasticity or résistance to stretching 

(Rankine), 
V = maximum deflection, 
n"' = the factor given in the following table. 
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Factor 
for deflection. 

Beam fixed at one end and loaded at the other J 

Beam fixed at one end and loaded uniformiy ^ 

Beam supported at both ends and loaded in the centre... ^ 
Beam supported at both ends and uniformiy loaded ^^ 

RuLE III. — Refer to the figures given in brackets in the left 
or right hand vertical columns for a number equal to, or approxi- 
mating, the given value of W, and the jscantlings for the section 
in which the number is found will be the dimensions of the beam 
in proportion to either d . b \\ Va : i, or ^ : 3 :: Va • i- 

Example. — Suppose the value of bd^ = 136800, required the 
dimensions of the beam. 

The number 136800 approximates the figures 13659975 given 
in the bracket in the left hand vertical column in the section 
giving the dimensions of a beam 21 X 14I inches, which are in 
the proportion of \/2^- '• Also it approximates the figures 
137093 in the bracket in the right hand vertical column in the 
section giving the dimensions of a beam 22 x I2| inches, which 
are in the proportion of V3 '- i- 

Case IV. — It is required to find the dimensions of a'beam, 
in the proportion oi d \ b \\ \/2 : \y ox di b\\ \/3 • ii the 
separate values of bdy and bd^^ being given. 

This case refers to beams subjected to two strains, tensile or 
compressive, and a transverse strain. The sectional area of the 
beam should therefore be suflficient to bear the efîects of both 
strains. 

The usual formula for finding the dimensions of beams subjected 
to thèse two strains, are : — 

H F 

Compressive or tensile strain (Eq. i) bd = -tt- 

J\ 

6MF 
Transverse strain (Eq. 2) W^= — jr- 

When the values of bd and bd^ are known, the dimensions 
of the beam may be obtained from the tables, as follows : — 

RuLE IV. — Search the centre Une of the squares for a 
number equal to, or approximating, the given value of bd, and if 



VI APPENDIX. 

in the same square on the top or bottom Une a number equal 
to, or approximating, the gîven value ol bd^ is found, the scantling 
given for the section in which the number is found in the left 
or right hand vertical columns will be the dimensions of the 
beam. If the two numbers are not found in one square, continue 
the search until both numbers are found in any one square. 

Example, — Required to fînd the dimensions of a beam subject- 
ed to compressive and transverse strains. The values of bd 
and bd^f found by calculation, are 32*44, and 1800, respectively. 

From the table the numbers 33* 18 and 1794*89, approximating 
to 3244 and 1800 on the centre and top Unes in one square, 
are obtained in a section giving the scantlings of a beam in the 
left hand vertical column 14 J X ici iftches, which are in the 
proportion of Vï : i. Also, approximating numbers 32 and 1856 
are found on the centre and bottom Unes in one square of 
another section, giving the scantlings of a beam 16 X gj inches 
in the right hand vertical column, which are in the proportion 
ofVâ : I. 
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